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The  decametric  radiation  from  Jupiter  received  from  1957  to 
1969  at  the  University  of  Florida  and  its  associated  field  station  located 
at  Maipu,  Chile,  has  been  analyzed  at  frequencies  ranging  froin  15  MHz 
to  27.  6 MHz.  A consistent  analysis  of  the  flux  density  was  undertaken 
for  approximately  seventy-five  yearly  sets  of  data  in  order  that  the  in- 
dividual and  joint  effects  of  several  geometrical  parameters  could  be 
deterrnizied . 

A two-dimensional  analysis  of  the  flux  density  as  a simultaneous 
function  of  the  longitude  of  the  central  meridian  and  the  position  of  lo 
from  superior  geocentric  conjunction  was  made.  The  well-known  lo- 
related  "sources,"  A,  B,  and  C,  were  easily  located  on  the  two- 
dimensional  flux  contour  maps  which  were  constructed.  The  flux  from 
lo- related  source  B did  not  exhibit  any’  bifurcation  as  had  previously  been 
reported  for  probability  studies.  lo-related  source  D was  observed  at 
a frequency  of  1 5 MHz. 
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A definite  symmetry  about  the  Earth- Jupiter  line  was  observed 
which  appears  to  be  associated  with  these  four  sources.  It  was  observed 
that  if  the  positions  of  lo  and  the  north  magnetic  pole  associated  with  lo- 
related  source  A are  reflected  through  the  Earth- Jupiter  line,  they  are 
-then  located  at  positions  for  v/hich  radiation  associated  with  lo-related 
source  B is  highly  probable.  A similar  relationship  relative  to  the  Earth 
Jupiter  line  exists  for  lo- related  sources  C and  D where  reflected  param 
eters  are  the  position  of  lo  and  the  position  of  Jupiter's  south  magnetic 
pole. 

The  two-dimensional  analysis  of  the  flux  density  was  also  used 
in  an  attempt  to  determine  if  there  exist  simultaneous  favorable  posi- 
tions of  lo  and  Jluropa  and  lo  and  Ganymede  for  which  the  intensity  of  the 
radiation  is  enhanced.  It  appears  that  there  is  no  significant  effect  due. 
either  to  Eluropa  or  Ganymede. 

A study  w'as  made  of  the  flux  density  versus  sunspot  nmaiber, 
Jovicentric  declination  of  the  Earth,  and  brightness  of  the  coronal  5303  A 
line  (used  as  an  alternative  index  of  solar  activity),  in  an  attempt  to 
determine  which  of  these  parameters  appears  to  have  more  influence  on 
the  observed  11-year  cycle  of  tlie  Jovian  radiation  probability.  A 
limited  positive  correlation  was  observed  between  the  flux  density  and 
the  brightness  of  the  coronal  line,  indicating  that  solar  activity  may 
exert  a more  important  influence  on  the  decametric  radiation  than 
does  the  Jovicentric  declination.  However,  the  results  presented  here 
are  far  from  conclusive. 
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A pulse-height  analysis  of  the  Jupiter  flux  data  was  also  carried 

out.  In  this  analysis,  the  average  flux  density  of  the  three  peak  pulses 

received  in  a five-minute  interval  was  plotted  versus  the  number  of 

five-minute  intervals.  It  was  found  that  the  number  decreased  expo- 

-ZZ 

nentially  as  the  flux  density  increased  out  to  a value  of  73  x 10 
Z 

w/m  /cps.  At  this  point,  the  number  of  intervals  in  which  the  flux  den- 
sity exceeded  the  above  value  suddenly  increased.  This  may  be  due 
either  to  a resonance  phenomenon,  or  it  may  represent  the  onset  of 
a different  class  of  pulses.  The  analysis  is  not  complete  enough  at  the 
present  time  to  determine  which  of  the  above  possibilities  is  more 
likely. 
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CHAPTER  I 


INTRODUCTION 


Early  Radio  Observations  of  Jupiter 


In  1955,  Burke  and  Franklin  made  a discovery  -yhich  focused 
the  attention  of  radio  astronomy  on  the  giant  planet  Jupiter.  They 
observed  on  their  records  a strange  type  of  interference  at  Z2  Mc/s 
which  occurred  each  night,  but  always  four  minutes  later.  Any  object 
on  the  celestial  sphere  rises  approximately  four  minutes  later  on  each 
successive  night.  When  Burke  and  Franklin  attempted  to  determine 
what  celestial  body  was  in  the  antenna  beam,  they  found  that  Jupiter 
was  always  at  this  position. 

The  interference  which  is  received  from  Jupiter  is  very  sporad- 
ic and  occurs  in  what  are  called  "noise  storms.  " The  length  of  these 

noise  storms  varies  from  only  a few  seconds  to  several  hours.  An 

2 


example  of  a Jovian  noise  storm  is  shown  in  Fig.  1. 

Shortly  after  the  discovery  that  Jupiter  was  the  source  of  the 
decameter  wavelength  radiation,  several  groups,  including  the  Univer- 
sity of  Florida  in  1956,  began  monitoring  this  radiation  at  a frequency 

3.4 

of  18  Mc/s.  ’ Other  groujos  whicli  also  monitored  the  decametric 

5,  6 

radiation  were  the  National  Bureau  of  Standards,  Carnegie  Institu- 

'i'.  10  11,12,13^,  14,15 

tion,  Ohio  State  University,  Yale,  and  the 
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Fig.  1.  Record  of  a typical  Jovian  noise  storm  at  18  MHz. 
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1 £)  IT  18 

University  of  Colorado.  ’ ^ A good  review  of  the  early  work  has 


been  given  by  Douglas, 


19 


In  1958,  another  non- thermal  component  of  the  radiation  re- 

20 

ceived  from  Jupiter  was  observed  at  decimeter  wavelengths.  The 

decimetric  radiation  is  believed  to  be  much  better  understood  than  the 

decametric  radiation.  It  is  thought  to  be  synchrotron  radiation  from 

particles  trapped  by  Jupiter's  magnetic  field  in  radiation  belts  similar 

21,  22,  23,  24 


to  the  Earth's  Van  Allen  belts. 


A recent  review  of  the 


decimetric  radiation  received  from  Jupiter  can  be  found  in  a paper  by 

k.  n 4 

Carr  and  Smith. 


Per iod icities  in. the  Decametric  Radiation 
There  were  numerous  periodicities  observed  in  the  analysis  of 
the  decanretric  component  of  the  radiation.  One  of  the  first  of  these 
was  that  Jupiter  did  not  emit  Vv'ith  the  same  intensity  for  all  longitudes 
facing  the  Earth,  but  had  a much  higher  probability  of  radiating  when 

certain  longitudes  were  facing  Earth.  This  early  work,  which  was  done 

2 5 h iTi  s 

by  Shain,  led  to  the  definition  of  a"radio  period"  of  9 55  30  , v/hich 

is  different  from  the  optical  rotation  periods  of  Jupiter.  There  are  two 

such  optical  rotation  rates  associated  with  Jupiter:  they  are  referred 

to  as  System  I (equatorial  regions  of  Jupiter),  which  has  a period  of 

9^50^30®;  and  System  II  (regions  of  higher  latitude),  which  has  a period 

, ^h,-  _m  , _s  , 
of  9 55  40.6. 


4 


It  was  found  that  the  longitude  dependence  of  the  reception  prob- 
ability had  very  distinct  characteristic  maxinna  and  minima  which  were 
reproduced  regularly  for  extended  periods  of  time.  It  was  also  found  that 
the  features  of  the  longitude  dependence  are  relatively  unchanged  for  the 
frequency  range  from  15  Mc/s  to  2 7.  6 Mc/s,  although  the  probability 
of  emission  changes  greatly  over  this  frequency  range  as  demonstrated, 
in  Fig.  2. 

26 

Carr  et  al.  have  referred  to  the  maxima  in  reception  proba- 
bility as  "sources"  and  designated  them  as  shown  in  Fig.  3 and  Fig.  4. 
The  values  of  the  longitude  of  the  central  meridian  corresponding  to  the 
source  positions  refer  to  the  position  of  the  central  meridian  facing  the 
Earth  and  not  necessarily  to  the  actual  locations  of  the  sources  on 
Jupiter. 


27 

Carr  et  al.  found  that  the  sources  drifted  when  the  rotation 
rate  determined  by  Shain  was  used.  However,  they  found  that  the 
sources  were  stable  in  a coordinate  system  rotating  with  a constant 
period  of  9 55  28"  8,  which  was  later  revised  to  9 55  29.35. 

Douglas  independently  arrived  at  a value  for  the  period  of  9 55  29.  37. 


This  latter  value  was  adopted  by  the  International  Astronomical  Union. 
This  is  now  defined  a,s  System  III  (1957)  and  will  be  referred  to  just  as 
"System  III"  for  the  remainder  of  this  dissertation. 


28 


Smith 


29 


Recent  Radio  Rotation  Rate  Information 

14 

and  Douglas  and  Smith  independently  observed, 


early 


in  1961,  an  abrupt  change  in  the  radio  rotation  period  of  Jupiter.  It 


j:: 

-M 

o 

(/) 

CO 

• «H 

s 

(D 

o 


43 

nJ 

,Q 

o 

Jh 


CU 

ID 

43 


-1-1 


i-H 

o 


o 

-1-1 

rS 

oJ 

> 

.--1 

ri3 

o 

H 


>' 

o 

fi 

0) 

3 

O'' 

o 

!-l 

MH 


r^J 


bO 

• ■— H 


6 


H3N3aano30  jo  AiniavaoHd 


FREQUENCY  IN  KHZ 


7 


plotted  in  polar  coordinates  (after  Lebo  5Z), 
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22  MHz  smoothed  histogram  of  Florida  and  Chile  data  1958  to  1961  (after  Six 
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appeared  that  the  rotational  period  had  changed  by  approximately  one 

.30  31 

second.  Carr  and  Gulkis  and  more  recently  Carr  and  Donivan  do  not 

believe  that  the  observed  change  in  the  rotational  period  of  Jupiter  is 

a real  change  in  the  period  of  rotation.  Their  analysis  indicates  that 

the  observed  variations  in  the  period  are  due  to  the  change  in  the 

32 

Jovicentric  declination  of  the  Eartli.  Register  also  has  shown  that 
the  University  of  Florida  data  exhibit  consistent  correlation  with  this 
model. 


Theories  of  the  Decametric  Radiation  Versus  Solar  Activity 
There  have  been  many  theories  proposed  for  the  mechanism 
responsible  for  the  decametric  radiation  received  from  Jupiter.  Those 
which  appear  to  give  the  best  agreement  with  observations  depict  radia- 
tion belts  similar  to  the  Earth's  Van  Allen  belts  where  charged  particles 
are  trapped  by  tlie  Jovian  magnetic  field.  When  particles  are  lost  out 
of  these  radiation  belts,  it  is  assumed  that  the  belts  are  replenished 
from  the  charged  particles  in  the  solar  wind.  If  this  is  indeed  the 
source  of  the  charged  particles  for  the  radiation  belts,  one  might  ex- 
pect increased  radiation  at  the  maximum  of  the  sunspot  cycle.  How- 
ever, this  is  not  observed.  1ji  fact,  a long-  term  negative  correlation 
of  the  reception  probability  with  solar  activity  has  been  seen  since 
early  observations.  In  view  of  this,  an  analysis  of  the  correlation 
between  the  flux  density  of  the  emitted  decametric  radiation  and  solar 
activity  has  been  made  by  the  author  and  tliis  will  be  discussed  later. 


10 


33  31 

Anothei'  point  of  view  is  that  presented  by  Carr,  Carr  and  Dcnivan, 

34 

and  Douglas,  in  which  they  argue  that  the  activity  variation  is  due  to 
the  change  in  the  Jovicentric  declination  of  the  Earth,  which  has  a peri- 
od the  same  as  Jupiter's  orbital  period  of  11.86  years.  They  argue 
that  the  Jovicentric  declination  of  the  Earth  in  1958  was  such  that  it 
caused  a minimum  in  the  reception  of  decametric  radiation,  and  that 
it  is  only  coincidental  that  this  also  occurs  at  the  maximum  of  the  sun- 
spot  cycle,  Vv'hich  has  a mean  period  of  1 1 years. 


The  lo  Effect 
35 

In  1964,  Bigg  made  a discovery  that  shed  some  light  on  the 

mystery  of  vhy  radiation  from  a source  was  not  always  received  v.'hcn  the 

longitude  corresponding  to  that  source  was  facing  the  Earth.  He  found 

that  the  intensity  of  the  radiation  was  greatly  enhanced  when  lo,  the  in- 

36 

nermost  Galilean  satellite,  was  at  certain  positions.  Lebo  et  al.  , 

37 

Dulk,  and  Duncan  confirmed  this  discovery.  This  dependence  is  il- 
lustrated in  Fig.  5 and  Fig.  6,  showing  the  dependence  of  the  reception 
probabilities  on  both  tlie  position  of  lo  and  the  central  meridian  longitude. 
A similar  analysis  has  been  made  by  the  author  using  the  received  flux 
densities  at  decameter  wavelengths  and  this  will  be  discussed  later. 


Effects  of  Other  Jovian  S3,tcllite s 
Effects  similar  to  the  lo  effect  have  been  searched  for  by  several 
groups,  but  nothing  conclusive  has  been  found.  In  particular,  an  increase 
in  the  emission  probability  of  the  decametric  radiation  as  a function  of 


Activity  Index 


lo  Frqm  Superior  Conjunction 

Typical  example  of  the  dependence  of  the  activity  index 
upon  position  of  lo  from  superior  geocentric  conjunction 
(after  Lebo,  Smith,  and  Carr^^). 


Fig.  5. 


12 


Fig,  6.  Example  of  the  dependence  of  the  decametric  component 

of  the  radiation  upon  both  Systein  III  Jongitvide  and  position 
of  lo  from  superior  geocentric  conjunction  (after  Lebo, 
Smith,  and  Carr^^), 


13 


position  from  superior  conjunction  for  Europa  and  Ganymede  has  been 

searched  for.  It  is  very  difficult  to  isolate  possible  effects  of  the  inner 

three  Galilean  satellites  since  their  periods  are  very  near  the  exact 

3 G 

ratio  of  1:2:4.  Echo  et  al.  gave  evidence  of  an  effect  due  to  Europa 

3 8 

and  Ganymede.  Bulk  found  no  detectable  effect  of  any  of  the  satel- 
lites, except  lo,  on  the  reception  probabilities.  An  analysis  of  a coupled 
effect  between  lo  and  both  Europa  and  Ganymede  versus  flux  density  has 
been  made  by  the  author  and  this  will  bo  discussed  later  in  this  disserta- 
tion. 

Recent  Theories  for  PeeaxTietric  Rad iation 

Since  1964,  theories  explaining  the  decametric  radiation  received 

39 

from  Jupiter  have  had  to  account  for  the  lo  effect.  Gledhill,  introduced 
a theory  which  assumes  that  lo  generates  waves  at  or  near  the  plasma 
frequency  as  it  moves  through  the  plasma.  However,  this  theory  ap- 
pears to  have  a serious  defect  in  that  it  does  not  account  for  the  high 
plasma  densities  that  are  necessary. 

-1,-  'iO 

Ellis  postulated  local  disturbances  in  Jupiter's  exosphere 

that  allowed  groups  of  electrons  to  be  accelerated  along  the  magnetic 

field  lines.  The  electrons  spiraling  around  the  field  lines  emitted  at 

the  cyclotron  frequency. 

41 

Warwick  assumed  a disturbance  in  Jupiter's  magnetic  field 
lines  in  its  radiation  belt.  This  disturbance  allows  high  velocity 
electrons  to  escape  from  the  radiation  belts  along  the  lines  of  force, 
generating  Cerenkov  radiation. 


14 


However,  possibly  the  most  widely  accepted  theory  at  present  is 

42 

that  of  Goldreich  and  Lynden-Bell,  in  which  they  picture  lo  as  a unipo- 
lar generator. 

This  theory  assumes  that  Jupiter's  main  magnetic  field  permeates 
lo.  Other  assumptions  include  perfect  conductivity  along  the  field  lines 
and  zero  conductivity  across  them.  This  implies  that  the  plasma  inside 
the  flux  tube  which  passes  through  lo  will  act  as  though  it  were  rigidly 
attached  to  the  satellite.  As  lo  rotates  through  Jupiter's  magnetic 
field,  a current  due  to  electrons  photo-ejected  at  the  surface  of  lo  will 
be  generated  and  will  flow  down  one  side  of  this  flux  tube,  cross  over 
in  the  ionosphere,  and  flow  back  up  the  other  side  of  the  flux  tube  to  lo. 
The  current-carrying  electrons  will  be  weakly  relativistic,  having 
energies  of  a few  keV.  Goldreich  and  Linden-Bell  argue  that  due  to 
a relativistic  mass  change  of  the  radiating  electrons,  they  will  emit 
coherent  cyclotron  radiation. 

Purpose  o f the  Present  An alysis 
The  present  analysis  attempts  a consistent,  two-dimensional 
study  of  the  flux,  densities  received  from  Jupiter  at  decameter  wave- 
lengths. Other  parameters  which  will  be  studied  as  a function  of  flux 
density  are  the  yearly  sunspot  number  and  the  Jovicentric  declination  of 
the  Earth.  A search  has  been  made  for  a coupled  effect  between  lo  and 
Europa,  and  between  lo  and  Ganymede,  using  an  analysis  similar  to 
that  used  in  showing  the  simultaneous  dependence  of  lo  and  the  position 
of  the  central  meridian  longitude  on  the  flux  density. 


15 


A large  amount  of  data  has  been  collected  at  the  University  of 

Florida  Radio  Observatory  and  at  its  associated  field  stations  at  Maipu 

and  Huanta  in  Chile.  A number  of  people  have  previously  analyzed 

43  44 

parts  of  these  data.  These  include  T.  D.  Carr,  N.  E.  Chatterton, 

45  46  2 32  47  48 

N.  F.  Six,  G.  R.  Lebo,  I.  Shever,  H.  I.  Register,  and  others.  ’ 

The  previous  work  of  G.  R.  Lebo  and  H.  I.  Register  in  particular  was 

used  extensively  as  a basis  for  the  present  study. 


CHAPTER  II 


DATA  COLLECTION 
AND  CALIBRATION  SYSTEMS 

The  data  collected  for  the  present  analysis  were  gathered  at  three 
stations- - one  in  Florida  and  tv.'o  in  Chile,  The  Florida  station  began 
operation  in  1956  on  the  University  campus,  and  in  1952  it  was  moved  to 
Bivens  Arm,  v^'hich  is  located  in  Gainesville.  This  station  was  finally 
moved  to  a more  remote  site  near  Old  Tovm,  Florida,  after  the  1967 
apparition.  The  University  of  Florida  also  has  two  field  stations  in 
Chile,  located  at  Huanta  and  Maipu  (Fig.  7),  which  are  operated  co- 
operatively with  the  University  of  Chile.  The  station  at  Maipu  began 
operation  in  1959  and  the  one  at  Huanta  in  1963. 


tSignal  Detection  and  Instrumentation 

The  radio  frequency  signals  which  are  emitted  from  Jupiter  arc 

received  by  antenna  arrays  designed  to  operate  at  specific  wavelengths. 

The  effective  area  of  these  arrays  is  a critical  parameter  which  must 

be  determined  in  order  to  calculate  values  of  the  flux  density.  The 

effective  area  of  an  antenna  m.ay  be  calculated  using  the  equation  of 

49 

Kraus  for  a lossless  antenna: 


A 

e 


4tt 


(1) 
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Fig.  7.  Map  indicating  location  of  observing  stations. 
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•where  A is  the  effective  area  of  the  anteixaa,  D is  the  directivity  of  the 

antenna,  and  A.  is  the  wavelength  for  which  the  antenna  w'as  designed. 

The  gain,  G,  of  an  antenna  is  equal  to  the  directivity  of  that  antenna 

if  the  antenna  is  100%  efficient.  However,  if  the  anten- 

50 

na  is  not  lossless,  the  gain  is  related  to  the  directivity  by  the  equation 

G kD  (2) 

Vv'here  k takes  on  a range  of  values  from  zero  to  one.  Values  for  the 

effective  areas  of  the  antennas  used  in  the  collection  of  the  data  for 

the  present  analysi  s have  previously  been  calculated  and  ta.buiated  in 

32 

H.  I.  Register's  dissertation. 

The  signals  received  from  the  antennas  are  detected  by  short- 
wave receivers.  At  the  present  time,  the  University  of  Florida  statioii 
is  using  Gollins  Type  75S-1  receivers.  Th  e output  from  the  receivers 
is  amplified  and  then  coruiected  both  to  an  audio  system  and  to  a Texas 
Instruments  roll- chart  recorder.  The  Texas  Instruments  recorder 
has  adjustable  chart  speeds:  six  inches  per  hour  is  used  wdien  ordinary 

activity  from  Jupiter  is  being  observed  and  three  inches  per  minute  for 
polarimeter  studies.  When  activity  from  Jupiter  is  observed,  high 
speed  Brush  recorders  and/or  tajse  recorders  are  also  used  to  record 
the  noise  storm.  An  automatic  timer  incorporated  in  the  system  is 
calibrated  against  WWV  and  marks  the  roll- chart  records  automatically. 

The  galactic  background  and  the  Jovian  activity  are  calibrated 
at  the  present  time  using  a Hewlett-Packard  46lA  amplifier  as  a noise 
generator.  Calibration  systems  and  techniques  will  be  discussed  in 


more  detail  later  in  this  chapter. 
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Observing  Techniques 

The  activity  from  Jupiter  occurs  in  what  are  usually  termed 
"noise  storms,  " which  are  recorded  on  the  Texas  Instruments  roll- 
chart  recorders.  Tlie  Jovian  noise  storms  naust  be  distinguished  by 
the  observer  from  interference  such  as  radio  stations,  lightning, 
air- conditioner  switching,  etc. 

Noise  storms  may  last  from  only  a few  seconds  to  more  than 
an  hour.  Two  distinct  types  of  noise  bursts  are  received  from  Jupiter, 

One  type  is  "L-bursts,  " which  are  those  bursts  having  a duration  ex- 
ceeding one-tenth  of  a second.  The  other  type,  termed  "vS-bursts,  " usuaily 
has  a duration  of  only  a few  milliseconds.  S-bursts  are  rnost  often  re- 
ceived from  sources  B and  C and  very  seldom  received  from  source  A. 
When  one  listens  to  the  audio  output  from  the  receiver,  the  L-bursts 
have  a "sv/ishing"  character  while  the  S-bursts  have  a "spitting"  or 
"popping"  character.  These  characteristics  enable  the  observer  to 
distinguish  Jovian  activity  from  interference. 

Data  Storage 

The  Jovian  data  recorded  by  the  Texas  Instruments  roll- chart 
recorders  are  reduced  at  the  University  of  Florida  and  punched  on  IBM 
cards.  The  roll-chart  records  and  the  data  cards  are  kept  on  file  at 
the  University  for  future  reference  and  analysis.  A comjrlete  descrip- 
tion of  the  format  for  the  data  decks,  known  as  the  "intermediate"  data 

32 


deck,  is  given  by  H.  I.  Register  in  his  dissertation. 
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ceived  from  Jupiter,  one  must  cither  use  some  kind  of  calibration 
system  oi  use  the  galactic  liacl'.gr ound  as  a rcJ.ej'cnce. 

I ii'St,  let  us  consider  the  systfum  shown  in  Fig.  8 and  define 
the  following  paramieters: 

- Power  per  unit  bandwidth  generated  by  the  calibrator 

P^^  " h’ower  per  unit  bandwidth  reaching  the  receiver  from  the 
calibrator 

- Total  received  celestial  power  per  unit  bandwidth 
j " Power  per  unit  Ijandwidth  received  from  Jupiter 

“ Power  per  unit  bandv/idth  received  from  the  galaxy 
Sj  - Total  flux  density 

Sj  - Flux  density  of  the  radiation  received  from  Jupiter 

- Effective  area  of  antenna  (m") 

C - Attenuation  of  attenuator  (decibels) 

The  attenuation,  C>,  of  the  signal  caJibrator  which  reaches  tlie 
receiver  is  given  by  the  following  equation: 


Using  Eq.  (3),  one  finds  that  the  power  per  unit  bandwidth  reaching  the 
receiver  from  the  calibratoi’  is  given  by: 
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C = 10  log 
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Die  total  power  per  unit  bandwidth  rcacJiing^  tlie  receiver  from 
Jupiter  is  given  by: 
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p.  - Pj  + Pg  ■ 

However,  if  one  uses  the  calibrator  to  determine  the  power  per 
unit  bandv/idth  received  from  Jupiter,  the  power  reaching  the  receiver 
from  the  calibrator  must  also  equal  the  power  of  the  signal  from  Jupiter. 
It  then  follows  that 

P - P lO'^^^'^-P  . (6) 

J c Lx 

The  net  power  per  unit  bandwidth  received  from  Jupiter  is  also  given 
by 

P,  = S^A  /2  (7) 

. J J e 

where  the  1/2  is  introduced  because  the  antenna  is  sensitive  to  only  one 
of.  two  linearly  polarized  components  of  the  radiation.  Therefore  the 
flux  density  of  the  recei-''ed  radiation  can  be  written  in  the  form 

S = 2(P  10"*^^^°-?,..)//.  . (8) 

J c Ct  e 

One  may  also  use  an  equivalent  calibrator  current,  i,  defined 
as  that  current  through  a noise  diode  which  will  generate  a specified  shot 
noise  output  to  a matched  load  resistor.  This  relationship  is  given  by 

P = eiR/2  (9) 

where  e is  the  charge  of  the  electron  ^^nd  R is  the  value  of  the  load 
resistor.  The  1/2  is  used  since  only  one  half  of  the  a.  c.  plate  current 
reaches  the  receiver. 

Let  us  now  define  the  follow’ing  quantities: 

Gp  - Galactic  background  level  from  zero  (per  cent  full  scale) 

D - Reflection  due  to  Jupiter  (per  cent  full  scale) 
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b - Attenuation  factor  of  the  travisminpi on  iines 
i - Equivalent  calibrator  currcuit 
R - Load  resistance 

K - Constant  depending  cm  flic  ovcr.xli  gain  of  the  receiver 
N - Constant  depending  on  the  detector  characteristics 
The  tcitaf  flux  density  received  from  Jupiter  may  nov>'  be  written  as; 


S 


ZP' 

. - : J 

J A b 


(10) 


e 

where  P'  is  also  the  power  per  unit  bandwidth  reaching  the  receiver 

vJ 

from  the  calibrator. 

An  empirical  equation  which  has  been  found  to  give  a good  fit 
between  the  power  per  unit  bandwidth  expressed  as  an  equivalent  calibra- 
tor current  and  the  pen  deflection,  D,  is  given  by: 


N 

i :=  KD  . (11) 

A square-law  detector  will  correspond  to  N=l,  while  a plate  detector 
corresponds  to  N=2. 

Combining  Eqs . (9),  (10),  and  (11),  one  may  write  the  following 
expression  for  the  flux  density  ; 


e 

- 20 

A representative  value  for  the  galactic  flux  density  is  10 
, 2 , 51 

w/m  /cps,  which  will  correspond  to  a deflection  G on  the  roil- chart 
records.  Then  the  net  fiux  density  from  Jupiter  may  be 


(12) 


written  as; 


z:!-- 


(13) 


c 

■j’iie  prol^lem  of  calc'-ilniiDg  (he  flux  deuKlGcs  has  now  been 
reduced,  in  large  part,  to  a cietcr inluatio]:.  of  tlie  constant  K for  the  par- 
ticular receiver  systenas  employed. 


Calibrations 

Tlierc  have  been  three  calibration  sy.stems  used  at  the  University 
of  Florida  station,  beginning  with  the  I96Z  apparition.  Prior  to  this 
time,  all  calculations  of  the  flux  density  of  the  Jovian  pulses  were  made 
using  the  galactic  background  as  a reference. 

The  three  calibrators  are  designated  as  calibrator  A,  calibrator 
B,  and  calibrator  C.  Calibrator  A consists  of  a pair  of  Sylvania  5722 
noise  diodes  connected  in  parallel,  with  an  output  impedance  of  52  ohms. 
This  calibrator  is  used  as  a standard.  Calibrator  B adds  a stage  of 
power  amplification  to  the  calibrator  A circuit  by  means  of  a cathode 
follower  adjusted  for  a 52- ohm  output  impedance.  Calibrator  B can  be 
attenuated  over  a range  of  values  from  0 db  to  - 132  db.  Calibrator  C 
consists  of  a Hewlett-Packard  46  lA  amjjlifier  which  is  periodically 
standardized  against  calibrator  A.  Tht'  Hewlett- Packaj'd  46)'A  amplifier 
has  been  found  to  have  a very  stable,  flat  noise  spectrum  in  tVie  deca- 
meter regioii.  This  characteristic  makes  it  aai  ideal  noise  generator  to 
cal ib  r a te  th e J o vi an  d e c a m e trie  ]d u 1 s e s . 

A number  of  different  calibration  systems  liave  been  u.sed  at  the 


field  station  located  at  Maipu,  Chile.  Calibrator  A'  tit  Maipu  is  identical 
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to  the  Florida  calibrator  A,  except  that  it  has  an  output  inapedance  of 
75  ohms.  Calibrators  B'  , BI  , and  B'  wore  similar  to  the  Florida 

X Lj  O 

calibrator  B but  used  different  arrangements  of  amplifiers  and  attenuators 

The  values  of  the  output  impedances  of  these  calibrators  ranged  from 

75  ohms  to  450  ohms.  A detailed  discussion  of  these  calibrators  may 
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be  found  in  G.  R.  Bebo's  dissertation.  Calibrator  C used  the  paral- 
lel arrangement  of  noise  diodes  followed  by  an  amplification  stage  which 
has  an  output  impedance  of  450  ohms.  This  is  followed  by  an  impedance 
transformer  which  is  adjusted  for  75  ohnas  output  impedance.  Calibrator 
D'  uses  a Hewlett-Packard  46lA  amplifier  as  the  noise  generator  and  is 
identical  to  the  Florida  calibrator  C except  that  it  has  a terminating 
resistor  of  75  ohms,  while  the  Florida  calibrator  has  a 52- ohm  termi- 
nating resistor. 

Table  1 indicates  the  dates  when  each  calibrator  was  in  use, 
both  for  the  Maipu  and  the  Florida  Station. 

C a 1 c ul  ati  on  s U s in  g C a lib  r ato  r s 
and  Galactic  Background 

The  flux  density  calculations  in  the  present  work  have  drawn 

3 Z ^7 

heavily  upon  the  previous  work  of  H.  I.  Register  and  G.  R.  Lebo.  ' 

The  flux  density  calculations  of  Register  for  the  1965-69  Florida  data 
were  not  modified,  but  his  calculations  for  the  1962-65  Florida  data 
at  frequencies  of  15  MHz,  22.  2 MHz,  and  27.  6 MHz  were  modified  to 
take  into  account  the  different  calibrators  used  in  this  period. 
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TABI.E  1 


Dates  and  Stations  at  Which  Each  Calibrator  Was  Used 


Epoch 

Station 

Calibrator 

1962. 7 

Florida 

A 

1963.  8 

Florida 

B 

1 964. 8 

Florida 

B and  C 

. 1965.9 

Florida 

C 

1967.  0 

Florida 

C 

1968.  0 

Florida 

C 

1969.  0 

Florida 

C 

1962. 6 

Maipu 

A.,  b;,  b. 

1963. 7 

Maipu 

^3 

1964.  9 

Maipu 

c 

1966.  0 

Maipu 

c 
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Previous  work  by  Tiberi  greatly  facilitated  the  above  modi- 
fication. Tiberi  experimentally  investigated  the  relationship  between 
equivalent  calibrator  A currents  in  milliamperes  and  the  attenuation 
for  calibrator  B in  decibels  at  frequencies  of  15  MHz,  18  MHz,  22,  2 
MHz,  and  27.6  MHz,  as  shown  in  Figs.  9-12.  It  was  found  empirically 
that  the  following  equation  fits  the  data  taken  by  Tiberi; 


= 10 


B/m  + K 


(14) 


where  is  the  equivalent  calibrator  A current  in  amperes,  B is  the 
attenuation  of  calibrator  B in  db,  and  m and  K are  constants  for  a par- 
ticular frequency  which  is  obtained  from  the  data. 

Now  we  wish  to  obtain  a relationship  between  calibrator  B and 
calibrator  C.  We  may  do  this  in  the  following  manner.  If  one  obtains 
a plot  of  the  attenuation  of  both  calibrators  B and  C versus  the  pen 
deflection  on  the  roll  chart  records,  one  may  write  parametric  equations 
for  the  attenuation  of  these  calibration  systems  in  terms  of  the  pen 
deflection.  When  one  combines  these  two  equations,  eliminating  the 
pen  deflection  parameter,  the  following  equation  is  the  result: 

C = a B + Y (15) 

where  C is  the  attenuation  of  calibrator  C,  and  B is  the  attenuation  of 
calibrator  B and  a and  y constants  which  may  be  determined  from 

information  comparing  the  calibrators  found  both  in  the  Florida  Radio 
Observatory  log  books  and  the  roll  chart  records. 
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EQUIVALENT  CALIBRATOR  A CURRENT  (ma) 
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EQUIVALENT  CALIBRATOR  A CURRENT  (ma) 
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e:quivalent  calibrator  a current  (ma) 
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EQUIVALENT  CALIBRATOR  A CURRENT  (ma) 


One  may  calculam  Hie  fJmc  clcnsily  m a coiisi.stcnt  mamicr,  using 
the  relationships  ohlained  in  Eqs.  (14)  and  (15)  for  all  tlie  Florida  data 
from  19o2  to  1 969,  except  for  the  data  at  18  MIF-i  for  196Z-65. 

The  work  of  G.  R.  Ijebo  and  N.  F.  Six  was  used  extensively  in 

the  analysis  of  the  remainder  of  the  Florida  data  and  the  data  collected 

in  Chile.  These  workers  calculated  the  flux  density  of  the  decametric 

radiation  hy  using  the  galactic  background  as  a reference.  A discussion 
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of  tliis  analysis  is  given  in  the  dissertations  of  Six  and  l..ebo.  ' Lebo 
has  performed  a two-dimensional  analysis  of  the  activity  index  and 
probability  of  emission  for  the  decametric  radiation;  his  activity  index 
is  defined  as  tlic  probability  of  occurrence  weighted  through  multiplica- 
tion by  the  received  flux  density.  To  calculate  the  flux  density  for  each 
five-degree  square  zone  for  a ];artu;ular  apparition,  one  divides  the 
activity  index  of  that  zone  by  tl  e probability  of  emission  for  tl)at  zone. 
Thus  one  is  not  calculating  tlie  flux  density  received  in  a fivc-niinule 
interval,  but  the  total  flux  density  received  in  a five-degree  square 
zone  for  the  complete  apparition. 

To  compare  flux  densities  calculated  as  above  Vv^ith  the  stoirni- 
by- storm  analysis,  the  Florida  data  at  22.  2 MHz  for  the  1964  and  1965 
apparitions  were  analyzed  using  botli  methods.  When  a comparison  was 
made  at  the  positions  of  tlie  .sources,  there  was  less  than  an 
8%  difference.  Thei'cfojc,  oni'  may  claim  that  tlie  twci  methods 

do  not  differ  .s ignifi cantly. 


CHAPTER  III 


DATA  ANA.LYvSIS 
Me  thod 

The  rlcpcnclence  of  the  flux  density  on  several  pairs  of  geo- 
metric variables  has  been  plotted  in  one-dimensional  histograms 
and  in  two-dimensional  contour  maps. 

In  the  one-dimensional  analysis,  the  "flux  density"  for  a, 
five-minute  interval  of  time  during  which  activity  is  observed  is 
calculated  by  averaging  the  flux  densities  for  the  three  peak  pulses 
in  the  interval  and  designating  this  average  as  the  flux  density  for 
the  five-minute  interval.  The  five-minute  interval  of  activity  can 
be  associa  ted  with  a particular  value  of  one  of  the  geometric 
varia.bles.  If  the  radiation  is  received  more  than  once  at  this 
position,  the  flux  densities  associated  with  the  radiation  received 
at  that  position  are  summed  to  give  a total  flux  density  for  that 
particular  position.  The  summations  are  performed  over  certain 
periods  of  time,  usually  one  or  more  apparllions . 
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Hereafter, 


unless  otherwise  specified,  the  term  "flux  density"  will  mean 
tlie  suiTimation  of  the  flux  density  at  a particular  value  of  the 
geometric  variable  over  a specified  period  of  time;  it  should 
be  noted  tliat  this  definition  differs  froixi  the  common  connota- 
tion of  the  term. 

In  the  two-dimensional  analysis,  the  flux  received 
for  eacl.,  five-minute  interval  of  observing  time  was  given 
an  importance  number  which  represents  the  mean  intensity 
of  the  three  peak  pulses  received  in  that  interval.  This 
number  is  a positive  integer  arrived  at  by  dividing  the  mean 
flux  density  for  the  three  pt;aks  by  ten  and  rounding  off  to  the 
next  highest  integer.  This  division  by  ten  and  rounding  off 
to  the  next  highest  integer  was  performed  solely  for  the 
puri3ose  of  facilitating  the  computer  processing  of  the  data. 
The  in'Lportancc  nurvibei  was  them  stored  in  a two-dimen- 
sional array  that  r-presented  the  values  of  two  of  the 
geometric  variables.  If  tl.c  radiation  was 


40 


observed  more  than  once  at  the  same  location  in  the  two-dimensional 
array,  a new  importance  number  was  assigned  to  this  location  which 
was  the  sum  of  all  the  importance  numbers  for  radiation  received  at 
this  location.  When  all  of  the  five-minute  intervals  of  activity  for  a 
given  period  of  time  had  been  stored  in  this  manner,  the  importance 
numbers  were  normialized  to  integer  values  betv'een  zero  and  ten,  so 
that  the  position  with  the  highest  importance  number  now  is  given  the 
value  of  ten.  The  flux  density  associated  with  a particular  position 
in  the  two-dimensional  array  may  be  inferred  from  the  normalized 
summed  importance  numbers  by  taking  into  account  the  normalization 
factors  utilized  in  the  preceding  analysis. 

The  variables  analyzed  in  both  the  one-dimensional  histogram 
analysis  and  in  the  two-dimensional  contour  analysis  were:'  position 
of  the  central  meridian  longitude.  System  III  (19h7);  position  of  lo  from 
superior  geocentric  conjunction;  position  of  Europa  from  superior 
geocentric  conjunction;  and  position  of  Ganymede  from  superior  geo- 
centric conjunction.  Each  of  these  variables  v^as  analyzed  in  terms 
of  the  flux  density  from  a five-degree  zone.  In  the  one-dimensional 
analysis,  the  position  of  only  one  variable  must  be  satisfied  at  the 
time  of  reception  of  radiation  for  that  zone  to  be  credited  with  the 
value  of  the  flux  density  while  in  the  two-dimensional  analysis,  the 
positions  of  two  variables  must  be  satisfied  for  a five-degree  by  five- 
degree  zone  to  be  credited  with  an  importance  number  derived  from 


the  flux  density. 
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Since  a .large  amount  of  data,  covering  several  years  for  each 

frequency,  were  analyzed,  all  zones  for  each  paii*  of  variables  were 

observed  for  approximately  equal  periods  of  time  as  previously  shown 
32 

by  Register.  Therefore,  the  positions  of  the  peaks  shown  in  the  con- 
tour analysis  are  not  due  to  observations  having  been  made  only  at 
pre.ferred  values  for  certain  pairs  of  the  variables. 

The  two-dimensional  contour  analysis  is  a powerful  tool  which 
enables  one  to  determine  the  combined  effect  of  pairs  of  variables  on 
the  flux  density.  A large  number  of  the  two-dimensional  contour  maps 
have  been  produced  from,  many  apparations  for  frequencies  ranging 
from  15  MHz  to  27.  6 MHz.  Table  2 indicates  by  the  symbol  "X'’'  in  an 
appropriate  column  the  apparition  and  the  observing  station  for  which 
two-dimensional  contour  maps  have  been  produced. 

One -Dimensional  Analysis 

One-dimensional  flux  density  histograms  have  been  produced 
for  the  following  variables:  position  of  lo  from,  superior  geocentric 
conjunction;  position  of  the  central  meridian  longitude.  System  I.1I 
(1957).  In  these  histograms,  the  flux  that  was  received  at  Maipu  from 
i960  to  1966  and  at  Florida  fi'om  1957  to  1969  for  a particular  value 
of  one  of  the  geometric  variables  is  summed  for  each  frequency.  The 
summed  flux  density  is  then  plotted  versus  one  of  the  geometric, 
variables.  The  resulting  histogram  is  a profile  of  the  relative  rate 
of  Jovian  emission  as  a function  of  central  meridian  longitude.  System 


III. 
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TABLE  2 


Two-Dimensional  Contour  Maps  Produced 


Frequency 

Mean  Epoch 

Observing  Station 
Florida  Maipu 

1 5 MHz 

1961. 5 

X 

n 

1962.  6 

X 

(I 

1962.  7 

X 

Ti 

1963.  8 

X 

n 

1964.  9 

X 

M 

1965.  9 

X 

It 

1967.  0 

X 

1 1 

1968.  0 

X 

1 1 

1969.  0 

X 

1 8 MHz 

1957.  1 

X 

n 

1958.  1 

X 

u 

1959.  1 

X 

II 

i960.  2 

X 

I ! 

1961. 6 

X 

X 

1 1 

1962.  6 

X 

1 1 

1962. 7 

X 

1 1 

] 963. 7 

X 

II 

1963.  8 

X 

II 

1964.  8 

X 

It 

1964.  9 

X 

1 1 

1965.  9 

X 

1 i 

1966. 0 

X 

It 

1967.  0 

X 

1 1 

1968.  0 

X 

1 1 

1969. 0 

X 

22,  2 MHz 

1958.  1 

X 

1 1 

1959. 2 

X 

II 

i960. 2 

X 

II 

] 960. 4 

X 

II 

1961. 5 

X 

X 

M 

1962.  8 

X 

1 1 

1963.  7 

X 

1 1 

1963.  8 

X 
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TABLE  2 continued 


F requency 


Mean  Epoch 


Observing,  Station 
Florida  Maipu 


22.  2 MHz 

n 

II 

II 

II 

II 

27.  6 MHz 

II 
1 1 
1 1 
1 1 
1 1 
1 1 

" 1967. 


1964. 8 
1964.  9 

1965.9 

1967.  0 

1968.  0 
1969.  0 

1961. 6 
1962. 5 

1962. 7 

1963.7 

1963. 8 

1964.  8 

1965.  9 

, 1968.0,  1969.0 


X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
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The  "sources,"  A,  B,  and  C,  which  were  discussed  in  Chapter 

I,  are  clearly  visible  on  the  histograms  of  summed  flux  density  versus 

the  longitude  of  the  central  meridian,  System  III  (1957),  as  shown  in 

Figs.  13-16.  Source  A is  located  in  the  longitude  range  from  200°-20°. 

Several  facts  can  be  deduced  from  these  histograms.  It  was  found  that 

the  flux  density  from  sources  A and  C decreased  relative  to  that  from 

source  B as  the  frequency  at  which  the  radiation  was  monitored  was 
T.  - 32  , 

increased.  Register  observed  a similar  effect  in  his  studies  of  the 
emission  probability.  A "double  peak"  character  of  source  B is  ob- 
served at  frequencies  of  22.  2 MHz  and  27.  6 MHz  as  seen  in  Figs.  15 
and  16.  This  character  is  not  evident  at  15  MHz  and  18  MHz.  Source 
B^  appears  to  occur  at  a System  III  longitude  of  130  and  source  B^  at 
a System  III  longitude  of  150  . The  "double  peak"  character  of  source 

B also  has  previously  been  observed  in  studies  of  emission  probabilities 

55 

by  Olsson  and  Smith. 

There  are  two  positions  of  lo  from  superior  geocentric  conjunc- 
tion at  which  a very  pronounced  increase  in  the  summed  flux  density 
is  observed.  These  ]iositions  are  centered  about  lo  located  either  at 
90  or  240  from  superior  geocentric  conjunction  as  shown  in  Figs.  17- 
20,  When  lo  is  near  90  , radiation  from  source  B is  observed,  and 
when  it  is  near  240  , radiation  from  sources  A and  C is  received.  It 
is  also  observed  that  as  one  increases  the  frequency  at  which  the  ra- 
diation is  monitored,  the  flux  density  when  lo  is  near  240°  decreases 
relative  to  the  flux  density  when  lo  is  near  90  . This  behavior  is  in 
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SYSTEM  III 


Fig.  13.  Long-term  histogram  of  summed  flux  density  at 

15  MHz  as  a function  of  central  meridian  longitude, 
merged  for  radiation  received  at  Maipu  from 
1962  to  1965  and  at  Florida  from  I96I  to  1969. 
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Fig.  17.  Long-term  histogram  of  summed  flux  density  at 
15  MHz  as  a function  of  lo  position,  merged  for 
radiation  received  at  Maipu  from  1962  to  1965 
and  at  Florida  from  1961  to  1969. 
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good  agreement  with  tlnvt  found  Ijy  Register'  for  the  probability  of 
emission.  Tliis,  combined  with  the  behavior  of  sources  A and  C rela- 
tive to  source  B on  the  longitiulc  versus  summed  flux  density  histograms, 
indicates  that  at  least  a component  of  the  fiux  density  associafedt  v/ith 
each  of  tlicsc  sources  is  lo- rel e ted . 

There  is  also  an  indication  of  another  J,o  position  at  whieJj  the 

flux  density  is  enhanced,  although  not  nearly  as  pronounced  as  the  two 

previously  mentioned  positions.  This  increase  in  the  flux  density  is  ob- 

o o 

served  when  lo  is  located  between  330  and  350  from  superior  geocen- 
tric conjunction.  This  is  observed  only  at  the  frequencies  2 MHz  and 
27.  6 bfllz,  and  the  effect  appears  to  be  decreasing  with  increasing 
frequency. 

Two- Dime n sional  Analysis 

The  data  for  several  years  have  been  merged  in  two-dimensional 
contour  maps  in  which  the  importance  numbers  derived  from  the  flux 
density  for  the  data  collected  at  Maipu  from  I960  to  1966  and  at  Florida 
from  1957  to  1969  are  plotted  as  contours  on  the  two-dimensional  plane 
rei:>rescnting  the  position  of  lo  from  superior  geocentric  conjunction  and 
tlie  longitude  of  the  central  meridian.  Figs.  21,  22,  and  23  are  examples 
of  the  two-dimensional  contour  maps  dravm  in  perspective.  Tliesc  have 
been  produced  as  an  aid  to  the  reader  in  visualizing  the  tvyo-dimensional 
analysis.  Those  figures  may  be  compared  to  Figs.  25,  27,  and  57 
which  arc  two-dimensional  representations  of  the  saiUTc  data.  The 
maps  were  produced  as  two- dimcmsional  number  arrays  on  the  IBM 
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360/65  computer  at  the  University  of  Florida  and  then  hand-plotted  as 
contours  of  equal  flux  density.  The  contour  maps  produced  for  15  MHz, 
18  MHz,  ZZ.2  MHz,  and  27.  6 MHz  are  shown  in  Figs.  24-27.  The 
merging  of  the  data  was  necessary  in  order  to  smooth  out  the  short- 
term fluctuations  and  to  emphasize  the  long-term  permanent  features. 
Two-dimensional  contour  maps  were  produced  for  most  of  the 
individual  apparitions  during  which  observations  v/ere  made.  Only 
those  years  in  which  the  scarcity  of  data  made  the  contour  maps  unin- 
formative were  deleted.  However,  the  flux  density  during  those  ap- 
paritions for  which  maps  were  not  produced  has  nevertheless  been 
included  in  the  merged  contour  maps. 

It  is  seen  that  the  distribution  of  the  flux  density  is  not  homo- 
geneous but  is  concentrated  in  "peaks"  and  "ridges.  " The  peaks  indi- 
cate an  increase  in  the  flux  density  when  both  coordinates  are  simul- 
taneously near  favorable  positions.  The  ridges  run  approximately 
vertical  on  the  page,  indicating  a dependence  on  the  longitude  of  the 
central  meridian  and  essentially  no  dependence  on  the  position  of  lo. 

The  radiation  which  is  received  in  the  peak  positions  is  generally  re- 
ferred to  as  "lo- related"  radiation  and  that  which  is  received  in  the 
ridges  outside  the  peaks  is  referred  to  as  "non-Io- related"  radiation. 
This  convention  will  be  followed  for  the  remainder  of  this  dissertation. 

Although  the  two-dimensional  contour  maps  have  many  similar- 
ities, there  are  also  noticeable  differences  which  may  be  observed  at 
different  frequencies.  The  details  of  the  features  of  these  contour 
maps  are  discussed  in  the  following  sections. 


-2.2.  Z 

361  X 10  w/iTL  /cps 


-22  2 

722  X 10  w/m  /cps 


r'i 


(TLOITD 


(,.,c  Lf  I 

CLU.X.LJ..U::!: 


1444  X 10  w/iii  */cp; 


2527  X 10  /cps 


c 


-22  2 

3610x10  V-!  I ax  /cps 


Fig.  24.  15  MHz  contour  map  of  the  flux  density  merged  from 

1961  to  1969  for  Florida  and  1962  to  1965  for  Maipu 
as  a function  of  central  meridian  longitude  and  lo 
position. 

*For  definition  of  "flux  density"  as  employed  here, 
see  discussion  on  page  38. 
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Fig.  ?,5.  18  MHz  contour  map  of  the  flux  density*  merged  from 

199/’  to  1969  for  Florida  and  I98O  to  I966  for  ^/laipu 
as  a function  of  central  merirlian  longitude  and  lo 
position. 


=!'For  definition  of  "flux  density"  as  employed  here,  see 
discussion  on  page  38 
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Fig.  26.  22.  2 MHz  contour  map  of  the  flux  density 'merged 

from  1958  to  1969  for  Florida  and  i960  to  1965  for 
Maipu  as  a function  of  central  meridian  longitude 
and  lo  position. 


*For  definition  of  "flux  density"  as  employed  here, 
see  discussion  on  page  38. 
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Fig,  27.  27,  6 MIIz  contour  map  of  the  flux  dcnsity'mergcd 

from  1961  to  1967  for  Florida  and  1962  to  1964  for 
Maipu  as  a function  of  central  meridian  longitude 
and  lo  position. 


*For  definition  of  "flux  density"  as  employed  here, 
see  discussion  on  page  38. 
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lo-Related  Source  A 

lo- related  source  A may  be  identified  at  all  frequencies. 
However,  it  is  more  prominent  at  frequencies  of  1 8 MHz  and  above 
than  at  15  MFIz. 

lo- related  source  A occurs  at  longitudes  of  the  central  merid- 
ian (System  III)  which  range  from  180°  to  270°,  and  at  positions  of  lo 
from  superior  geocentric  conjunction  which  range  from  215°  to  270°. 

It  should  be  noted  that  Jupiter's  north  magnetic  pole  (longitude  of  the 
north  magnetic  pole  is  200  ) is  located  between  the  Earth- Jupiter  line 
and  the  lo- Jupiter  line  when  lo- related  source  A is  observed. 

The  distribution  of  the  flux  density  within  the  source  is  homo- 
geneous except  for  a small  peak  which  occurs  at  18  MHz  and  is  local- 
ized at  positions  of  lo  from  superior  conjunction  near  255°  and  positions 
of  the  central  meridian  longitude  which  range  from  245°  to  260°.  At 
frequencies  of  1 8 MHz  and  22.2  MHz,  the  contours  of  equal  flux  density 
surrounding  the  lo-related  source  A peak  tend  to  slope  toward  higher 

values  of  both  lo  and  the  longitude  of  the  central  meridian.  A similar 

32 

effect  was  observed  by  Register  in  his  studies  of  the  probability  of 
emission  for  lo-related  source  A. 

The  total  area  occupied  by  lo-related  source  A on  the  two- 
dimensional  contour  maps  decreased  with  increasing  frequency.  The 
range  of  central  meridian  longitudes  at  18  MHz  for  which  lo-related 
source  A radiation  is  received  is  180°- 2 70°,  and  at  2 7.  6 MHz  it  is 
215°-260°.  The  corresponding  range  of  positions  of  lo  from  superior 
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geocentric  conjunction  varies  from  215°-265^  at  18  MHz  to  240*^-260° 
at  27.  6 MHz.  Therefore,  the  total  area  occupied  by  lo-related  source 
A diminishes  from  4,  500  square  degrees  at  18  MHz  to  900  square 
degrees  at  27.  6 MHz.  There  is  good  agreement  between  the  behavior 
in  the  two-dimensional  analysis  of  lo- related  source  A and  that  in  the 
one-dimensional  histograms  which  indicated  that  the  lo-favored  zone 
centered  about  Io=240  shi'inks  with  frequency. 

lo-related  source  A exhibits  a relatively  sharp  cut-off  at  Io=265°. 
A more  gradual  cut-on  of  this  source  is  observed  a t Io=22 5°±  1 0°, 

lo- Related _S ource  B 

lo-related  source  B is  the  most  predictable  and  the  most  power- 
ful of  the  decametric  "sources"  on  Jupiter.  It  is  the  only  ojic  of  the 
lo-related  sources  which  can  be  definitely  identified  at  all  frequencies 
from  15  MHz  to  27.  6 MHz,  and  it  is  the  most  prominent  feature  on  the 
two-diirrensional  contour  maps  at  frequencies  of  22.  2 MHz  and  27.  6 
MHz . 

lo-related  source  B demonstrates  a very  strong  lo-dependence 
and  it  is  observed  only  v/hen  lo  is  near  90  from  superior  geocentric 
conjunction.  It  has  a maximum  range  of  lo  positions  of  ±20°.  The 
longitude  of  the  central  meridian  is  in  the  range  90°-180°  when  lo- 
related  source  B radiation  is  received.  It  should  again  be  noted  that 
lo-relatcd  source  B is  received  when  Jupiter's  north  magnetic  pole  is 
located  between  the  Earth- Jupiter  line  and  the  lo-Jupiter  line.  This 
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is  a geojnetry  similar  Lo  that  found  when  lo- related  source  A is  received 
There  is  a relativeiy  sharp  cut-on  of  lo-related  source  B when 
lo  is  near  70°  from  superior  geocentric  conjunction,  and  a sharp  cut- 
off of  lo-relatcd  source  B radiation  when  lo  is  near  110  . There  is 
also  a sharp  cut-off  of  the  lo- related  source  B radiation  when  the  cen- 
tral meridian  longitude  is  near  180  . 

lo-related  source  B shows  essentially  no  frequency  dependence 
in  either  its  location  or  size,  in  sharp  contrast  to  the  behavior  of  lo- 
related  source  A.  The  range  of  lo  positions  for  lo-related  source  A 
is  larger  than  that  for  lo-related  source  B,  but  B is  active  over  a 

wider  range  of  central  meridian  longitudes. 

3?. 

Register  has  indicated  in  a previous  two-dimensional  analysis 
of  the  emission  probability  that  lo- related  source  B is  bifurcated.  The 
two-dimensional  analysis  of  the  flux  density  indicates  no  bifurcation  of 
B for  contour  rnaps  composed  of  data  that  arernerged  from  several  years 
Several  two-dimensional  contour  maps  for  single  apparitions  which  do 
shov/  some  bifurcation  of  lo-related  source  B will  be  discussed  in  a 
later  section  of  this  chapter. 

lo-Related  Sou7~ce  C 

lo-rclatcd  source  C may  be  observed  at  the  frequencies  15  MHz, 
18  MHz,  and  22.2  MHz.  It  is  a very  prominent  lo-related  source  at 
15  MHz  and  .18  MHz,  but  it  has  entirely  disappeared  at  a frequency  of 
27.6  ,MHz. 
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Io-re]ated  source  C is  strongly  lo-dependent,  centered  about 
lo  near  245°  from  superior  geocentric  conjunction.  It  exhibits  a 
very  sharp  cut- on  at  an  lo-position  of  240*^,  and  a very  sharp  cut- 
off a.t  255  . Register,  in  his  earlier  analysis  of  the  emission 
probability,  indicated  a more  gradual  cut- on  located  near  an  lo  po- 
sition of  220  from  superior  geocentric  conjunction.  It  appears  that 
the  two-dimensional  contour  maps  of  the  flux  density  yield  a better 
definition  of  source  C relative  to  the  position  of  lo  from  superior 
geocentric  conjunction  than  the  two-dimensional  arrays  of  emission 
probability. 

lo-related  source  C is  not  as  well  defined  relative  to  the  longi- 
tude of  the  central  meridian.  There  is  a gradual  cut- on  of  C when  the 
longitude  of  the  central  meridian  is  near  295°,  and  a gradual  cut-off 
when  the  longitude  is  near  25°.  The  cut-on  occurs  shortly  after  Jupiter's 
south  magnetic  pole  appears  on  the  hemisphere  facing  the  Ea,rth,  and 
the  cvit-off  occurs  as  the  south  magnetic  pole  crosses  the  Earth- Jupiter 
line. 

Other  lo-Related  Radiation 

A relatively  sharp  increase  in  the  flux  density  is  observed  when 
lo  is  near  105  from  superior  geocentric  conjunction  and  the  longitude 
of  the  central  meridian  is  between  20°  and  100°.  This  "peak"  in  the 
flux  density  is  observed  oiily  at  a frequency  of  1 5 MHz.  This  may  be 
the  lo-related  source  D which  has  previously  been  observed  at  frequencies 
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of  1 5 MHz  and  below.  The  positions  of  lo  and  Jupiter's  south  magnetic 
pole  for  lo- related  source  D would  be  approximately  the  same  as  for 
lo-rela,ted  source  C if  they  were  reflected  through  the  Earth- Jupiter 
line  (Fig.  28  ).  This  indicates  that  the  radiation  received  froin  lo- 
related  sources  C and  D may  originate  from  a single  source,  but  that 
the  radiation  is  beamed  in  different  directions. 

lo- related  source  B terminates  relatively  abruptly  at  a central 
meridian  longitude  of  90  . This  is  near  the  longitude  for  which  lo- 
related  source  D is  observed.  However,  since  the  sources  occur  at 
'slightly  different  lo-positions,  one  source  would  not  be  observed  at 
the  same  time  as  the  other. 

Another  "peak"  in  the  flux  density  also  appears  at  a frequency 
of  15  MHz  when  lo  is  near  140  from  superior  geocentric  conjunction 
and  the  longitude  of  the  central  meridian  is  near  270°.  It  would  be 
interesting  to  determine  if  this  "source"  is  part  of  non-lo- related 
source  A,  or  if  it  is  radiation  from  one  of  the  other  sources  that  is 
beamed  in  a different  direction. 

A third  "peak"  in  the  flux  density  is  observed  wlien  the  longitude 
of  the  central  meridian  is  near  235°  and  lo  is  near  100°  from  superior 
geocentric  conjunction.  Note  that  this  peak  occurs  at  the  longitude  of 
source  A but  at  the  lo-position  of  source  B.  It  is  possible  that  this 
peak  is  due  to  "leakage"  radiation  from  lo-related  source  B.  It  would 
be  interesting  to  compare  the  spectral  characteristics  and  the  polari- 
zation of  this  peak  witli  those  for  lo-relatcd  source  B and  non-lo- related 
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source  A.  This  should  give  one  insight  into  the  problem  of  determining 
the  source  of  the  radiation. 

Non-Io-Related  Radiation 

Radiation  which  is  non-Io- related  is  relatively  scarce  at  27.  6 
MHz  but  increases  as  the  frequency  is  decreased  to  1 5 MHz,  where  it 
represents  the  irrajority  of  the  radiation  received  from  Jupiter  at 
decametric  wavelengths.  However,  as  the  non-Io- related  component 
of  the  radiation  increases,  the  lo-related  component  also  increases. 

The  major  change  in  the  non-Io- related  component  of  the  ra- 
diation occurs  for  the  range  of  central  meridian  longitudes  from  219° 
to  20  . Non-Io- related  source  A exhibits  a uniform  distribution  of  the 
flux  density  for  positions  of  the  central  meridian  longitude  between 
200  and  280  . There  appears  to  be  a sharp  decrease  in  the  flux 
density  received  at  the  frequencies  22.  2 MHz  and  27.  6 MHz  when  the 
position  of  the  central  meridian  longitude  is  greater  than  280°.  This 
decrease  in  the  flux  density  appears  to  be  more  gradual  for  the  fre- 
quencies 15  MHz  and  18  MHz  and  to  extend  to  longitudes  of  the  central 
meridian  near  20°. 

It  is  observed  that  the  contours  of  equal  flux  density  associated 
with  the  non-Io- related  ridge  tend  to  slope  toward  higher  values  of 
both  lo  and  the  longitude  of  the  central  meridian.  This  behavior  is 
observed  for  the  frequency  range  15  MHz-22.2  MHz.  Therefore,  the 
non-Io- related  radiation  associated  with  source  A exhibits  a behavior 


similar  to  that  observed  in  lo-related  source  A,  which  was  discussed 
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earlier.  This  same  tendency  for  the  radiation  to  occur  at  increasingly 
higher  longitude  and  lo  positions  is  also  observed  in  lo-related  source 
B at  frequencies  of  22.  2 MFIz  and  27.  6 MHz.  This  sloping  of  the  con- 
tour lines  is  due  to  the  combined  motion  of  lo  about  Jupiter  and  Jupiter's 
rotation.  In  other  words,  it  is  the  "tiine  line"  of  the  motion  of  lo  about 
Jupiter  versus  the  rotation  of  the  longitude  system  with  the  surface  of 
the  planet. 

Two- Dimensional  Analysis  for  Individual  Apparitions 

= For  some  time  it  has  been  suggested  that  lo- related  source  B 

is  in  fact  two  sources.  The  two- source  character  was  not  apparent 
from  the  two-dimensional  analysis  of  the  flux  density  merged  over 
several  apparitions.  However,  the  bifurcation  was  observable  on 
several  of  the  two-dimensional  contour  maps  which  were  produced  for 
single  apparitions,  as  is  demonstrated  in  Figs.  29- 34.  It  should  also 
be  noted  that  the  bifurcation  is  observed  at  all  frequencies  from  15 

MHz  to  27.  6 MHz,  and  it  is  most  apparent  in  Figs.  29,  30,  and  34.  This 

. . 55 

IS  in  good  agreement  with  the  previous  work  by  Olsson  and  Smith. 

However,  the  lo  positions  of  sources  B^  and  B^  are  interchanged  at 
15  MHz  for  the  1964.  8 apparition  as  shown  in  Fig.  29-  This  may  be 
due  to  the  influence  of  a strong  lo-related  source  D,  which  is  also 
observed  in  this  apparition  for  lo  near  105°. 

An  increase  in  the  flux  density  is  observed  when  lo  is  near  100° 
and  the  central  mLcridian  longitude  is  between  180°  and  270°.  Examples 
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ig.  29.  Two-dimensional  contour  map  of  the  flux  density  at  15  MHz 
at  Florida  for  the  1964.  9 apparition. 


=I“^For  definition  of  "flux  density"  as  employed  here,  see 
discussion  on  page  38. 
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ig.  30.  Two-dimensional  contour  map  of  the  flux  density‘‘at  15  MFlz 
at  Florida  for  the  1968.  0 apparition. 


'I'For  definition  of  "flux  density" 
discussion  on  page  38. 


a.s  employed  here,  see 
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Two-dimensional  contour  map  of  the  flux  density '‘at  18  MHz 
at  Maipu  for  the  1963.  7 apparition. 


=l=Fox'  definition  of  "flux  density"  as  employed  here,  see 
discussion  on  page  3 8. 
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Fig.  32.  Two-dimensional  contour  map  of  the  flux  density  at  22.  2 MHz 
at  Maipu  for  the  1963.  7 ajoparition. 


'■'For  definition  of  "flux  density"  as  employed  here,  see 
discussion  on  page  38. 
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Fig.  33.  Two-dirnenGional  contour  map  of  the  flux  density  at  22.  2 
MHz  at  Maipu  for  the  1964.  9 apparition. 


For  definition  of  "flux  density"  as  employed  here,  see 
discussion  on  page  38. 
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Fig.  34.  Two-dimensional  contour  map  of  the  flux,  density  at  27.  6 
MHz  at  Florida  for  the  1967.  0 apparition. 


'•'For  definition  of  "flux  density"  as  employed  here,  see 
discussion  on  page  38, 
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of  this  are  shown  in  Fig.  33  and  Figs.  35-44.  This  increase  is  not  seen 
at  frequencies  greater  than  22.  2 MHz.  In  most  cases,  the  location  of 
this  intensification  appears  as  though  it  is  an  extension  of  lo-related 
source  B into  the  non-Io-related  source  A longitude  region.  It  would 
be  interesting  to  determine  if  the  polarization  and  spectral  characteris 
tics  of  this  radiation  are  the  same  as  that  for  lo-related  source  B or 
for  non-Io- related  source  A.  There  is  also  the  possibility  that  this 
radiation  originates  from  the  same  source  as  lo-related  source  A,  but 
that  it  is  beamed  in  a different  direction. 

Another  "peak"  of  the  flux  density  is  observed  on  the  tv/o- 
dimcnsional  contour  maps  (Figs.  29,  31  ^ and  45-52)  -when  lo  is  near 
115  and  the  central  meridian  longitude  ranges  from  270°  to  300°. 

This  peak  is  observed  at  all  frequencies  from  15  MHz  to  27.  6 Mhz, 
but  it  apparently  reaches  its  maximum  intensity  and  size  at  18  MHz. 

As  the  frequency  is  increased  from  18  MHz  to  27.  6 MHz,  both  the  in- 
tensity and  size  of  the  peak  decrease. 

The  flux  density  is  also  significantly  intensified  for  the  central 
meridian  longitude  centered  about  2 50°  and  a range  of  lo-positions 
from  300  to  330  . This  radiation  is  not  observed  for  frequencies 
greater  than  22.  2 MHz.  The  radiation  has  the  appearance  of  a small 
source  separated  from  lo-i'elated  source  A but  occurring  at  the  same 
central  meridian  longitudes  (Figs.  29,  31,  48,  and  53).  It  also  has 
the  same  general  frequency  dependence  at  lo-related  source  A.  A 
study  of  the  polarization  and  other  characteristics  of  the  radiation 
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ig.  35.  Two-dimensional  contour  map  of  the  flux  density '‘at  15  MHz 
at  Florida  for  the  1965.  9 apparition. 


'■'For  definition  of  "flux  density"  as  employed  here,  see 
discussion  on  page  38. 
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Fig.  36.  Two-dimensional  contour  map  of  the  flux  density  at  15  MHz 
at  Florida  for  the  1967.  0 apparition. 


wFor  definition  of  "flux  density"  as  employed  here,  see 
discussion  on  page  38. 
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Fig.  37.  Two-dimensional  contour  map  of  the  flux  density'‘at  15  MHz 
at  Florida  for  the  1969.  0 apparition. 


'•T''or  definition  of  "flnx  density”  as  employed  here,  sec 
discussion  on  page  3 8. 
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Fig.  38.  Two-dimensional  contoui'  map  of  the  flux  density‘'at  18  hillz 
at  Florida  for  the  1959.  1 apparition. 


•I'For  definition  of  "flux  density"  as  employed  here,  see 
discussion  on  page  38. 
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ig.  39.  Two-dimensional  contour  map  of  the  flux  density'  at  18  MHz 
at  I'Torida  for  the  I96I.  6 apparition. 


*For  definition  of  "flux  density"  as  employed  here,  see 
discussion  on  page  38, 


105 


r;-  : : : 

67  5 

134 

LfiTTmir 

268 

rr  ( n tt  c j:  t'tt' 
n'  1 I'l  1 I 1 1 1 
□rxiLFiiiiFCi; 

469 

670 

22 

2 

; 10“ 

w/m  /cps 

-22 

X 10 

/ / 

w/m  /cps 

-22 

2 

X 10 

o 

Cfi 

-22 

X 10 

\v/:m  /cps 

-22 

2 , 

X 10 

w/m  /cps 

g.  40,  Two-dimensional  contour  map  of  the  flux  density  at  18  MHz 
at  Florida  for  the  1967.  0 apparition. 


''=For  definition  of  "flux  density"  as  employed  here,  see 
discussion  on  page  38. 
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Fig.  41.  Two-dimensional  contour  map  of  the  flux,  density 'at  18  MHz 
at  -Florida  for  the  1968.  0 apparition. 


■^For  definition  of  "flux,  density"  as  employed  here,  see 
discussion  on  page  38. 
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Fig,  42.  Two-dimensional  contour  map  of  the  flux  density  at  18  MHz 
at  Maipu  for  the  1962.  6 apparition. 


=’'For  definition  of  "flux  density"  as  employed  here,  see 
discussion  on  page  38. 
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Fig.  43.  Two-diiTLensional  ccmtoui'  map  of  the  flux  dens.ity'''at  22.  2 
MHz  at  Florida  for  the  1961.  5 apparitioii. 


'■^For  definition  of  "flux  density"  as  employed  here,  see 
discussion  on  page  38. 
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Fig.  44.  Two-dimensional  contour  map  of  the  flux  density' ac  2?.  2 
MHz  at  Florida  for  the  1963.  8 apparition. 


-‘-For  definition  of  "flux  density"  as  employed  here,  see 
discussion  on  page  38. 
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ig.  45.  Two- dim.ensional  contour  map  of  the  flux  density  at  18  MHk 
at  Florida  for  the  1957.  1 apparition. 


'^For  definition  of  "flux  density"  as  em.ployed  here,  see 
discussion  on  page  38. 
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2-  46.  Two-dimensional  contour  map  of  the  flux  donait'/"^ a.,  18  MHz 
at  Florida  for  the  1964.  8 apparition. 


*For  definition  of  "flux  density"  as  employed  here,  see 
discussion  on  page  38. 
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1'/.  47.  Two-dimensional  contour  map  of  the  flux  density  at  18  MHz 
at  Florida  for  the  1065.  9 apparition. 


'■'For  definition  of  "flux  density"  as  employed  here, 
discussion  on  page  28. 
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ig.  48.  Two-dimensional  contour  map  of  the  flux  density  at  18  MIIz 
at  Florida  for  the  1969.  0 apparition. 


*For  definition  of  "flux  density”  as  employed  here,  see 
discussion  oxi  page  38. 


0 

90 

100 

270 

360 


123 


T_ p 


■| , 1 ^ 1 ^ 1 , j. 


FLA  18  MHZ 
1969.0 


I L-_J_ 


’ 90°  180°  270°  360 

.ONGITUDE  OF  THE  CENTRAL  MERIDIAN  SYSTEM  ni(l957) 


-22  , 2 , 

928  X 10  w/m  /cps 

, -22  , 2, 

161  X 10  w/rn  /cps 

-22  , 2 , 

230  X 10  w/m  /cps 


>1< 

rCwo-climensional  contour  map  of  the  flux  density  at  18  MHz 
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'‘^For  definition  of  "flux  density"  as  employed  here,  see 
discussion  on  page  33. 
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Fig.  50.  Two-dimensional  contour  map  of  the  flux  density  at  22.  2 
MHz  at  Florida  for  the  1967.  0 apparition. 


*For  definition  of  "flux  density"  as  employed  here,  see 
discussion  on  page  38. 
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'■'For  definition  of  "flux  density"  as  employed  here,  see 
discussion  on  page  38. 
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Fig.  52.  Two-dimensional  contour  map  of  the  flux  density  at  27.  6 
MHz  at  Maipu  for  the  1965.  9 apparition. 


*For  definition  of  "fKix  density"  as  employed  here,  see 
discussion  on  page  38. 
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Two-dimensional  contour  map  of  the  flux  density'at  22.  2 
MHz  at  Florida  for  the  1962.  8 apparition. 


'•'For  definition  of  "flux  density"  as  employed  Iiere,  see 
disc  us. si  on  on  page  38. 
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received  from  this  source  may  be  helpful  in  determining  whether  this 
is  a part  of  the  lo- related  source  A or  not. 

A number  of  other  small  localizations  of  the  flux  density  should 
be  mentioned.  One  is  centered  about  lo=35°  and  the  central  meridian 
longitude  = 330°±30°  (Figs.  41  , 46,  47,  and  54).  Thi  s source  was 
observed  only  at  frequencies  of  1 5 MHz  and  18  MHz. 

Another  localization  of  the  flux  density  is  observed  for  lo=60° 
and  central  meridian  longitude  = 270°  (Figs.  41,  45,55,  56,  and  57). 
This  source  was  observed  only  at  the  frequencies  18  MHz  and  22.2 
MHz. 

A number  of  other  two-dimensional  contour  maps  of  the  flux 
density  has  been  produced  which  show  the  general  permanent  features 
associated  with  the  position  of  lo  from  superior  geocentric  conjunction 
and  the  longitude  of  the  central  meridian.  These  maps  are  presented 
in  Figs.  58-77  for  completeness. 
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Two-dimensional  contour  map  of  the  flux  density''at  15  MHz 
at  Florida  for  the  1963.  8 apparition. 


*For  definition  of  "flux  density"  as  employed  here,  see 
discussion  on  page  38. 
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Fig.  55.  Two-dimensional  contour  map  of  the  flux  density  at  18  MHz 
at  Florida  for  the  I960.  2 apparition. 


'■T'or  definition  of  "flux  density"  as  enaployed  here,  see 
discussion  on  page  38. 
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Fig.  56.  Two-dimensional  contour  map  of  the  flux  density ‘at  22,  2 
MHz  at  Florida  for  the  I960,  2 apparition. 


*For  definition  of  "flux  density"  as  employed  here,  see 
discussion  on  page  38, 
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Fig,  57,  Two- dimensioi7.al  contour  map  of  the  flux  density''at  22,  2 
MHz  at  Florida  for  the  1965,  9 apparition. 


''H’or  definition  of  "flux  density"  as  employed  here,  see 
discussion  on  page  38, 
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Fig.  58. 


Two-dimensional  contour  map  of  the  flux  density''at  15  MHz 
at  Florida  for  Ihe  1962.  7 apparition. 


'■'For  definition  of  "flux  density"  as  employed  here,  see 
discussion  on  page  38. 
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'ig.  59.  Two-dimensional  contour  map  of  the  flux  density‘'at  18  MHz 
at  Florida  for  the  1958.  1 apparition. 


*For  definition  of  "flux  density"  as  employed  here,  see 
discussion  on  page  38. 
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ig.  60.  Tw'o- dimensional  contour  map  of  the  flux  density‘'at  18  MHz 
at  Florida  for  the  1963.  3 apparition. 


'■'P’or  definition  of  "flux  density"  as  employed  here,  see 
discussion  on  page  38. 
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Fig,  6l.  Two-dimensional  contour  map  of  the  flux  density ‘at  Z 
MHz,  at  Florida  for  the  1958.  1 apparition. 


'tFor  definition  of  "flux  density"  as  enr?Lployed  here,  see 
discussion  on  page  38. 
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Two-dimensional  contour  map  of  the  flux  density‘'at  22.  2 
MHz  at  Florida  for  the  1959.  2 apparition. 


'I'For  definition  of  "flux  density"  as  employed  here,  see 
discussion  on  page  38. 
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Fig.  63.  Two-dim.ensional  contour  map  of  the  flux  densit)2''at  22.  2 
MHz  at  Florida  for  the  1964.  8 apparition. 


*For  definition  of  "flux  density"  as  employed  here,  see 
discussion  on  page  3 8. 
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Fig.  64.  Two-dimensional  contour  map  of  the  flux  density'at  22.  2 
MHii  at  Florida  for  the  1968.  0 apparition. 


*For  definition  of  "flux  density"  as  employed  here,  see 
discussion  bn  page  38. 
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g.  65.  Two-dimensional  contoui*  map  of  the  flux  density'at  22,  2 
MHz  at  Florida  for  the  1969.  0 apparition. 


*For  definition  of  "flux  density"  as  employed  here,  see 
discussion  on  page  38. 
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ig.  66.  Two-dimensional  contour  map  of  the  flux  dcnsit/‘'at  22.  2 
MHz  at  Maipu  for  the  I960.  4 apparition. 


'■'For  definition  of  "flux  density"  as  employed  hercj  see 
discussion  on  page  38. 
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Fig.  67. 
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Two-dimensional  contoui-  map  of  the  fl'.i.x  density  at  22.  2 
MHz  at  Maipu  for  the  1961.  5 apparition. 


*For  definition  of  "flux  density"  as  employed  here,  see 
discussion  on  page  38, 
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Fig.  68.  Two-dimensional  contoui'  map  of  the  flux  density ‘at  22.  2 
MHz  at  Maipu  for  the  1963,  7 apparition. 


*For  definition  of  "fliax  density"  as  employed  here,  see 
discussion  on  page  38. 
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'ig.  69.  Two-dimensiorial  contocr  map  of  the  flux  donsity'at  27.  6 
AfTIz  at  Florida  for  the  1961.  6 apparition. 


'i'For  definition  of  "flux  density"  as  employed  here,  see 
discussio^i  on  page  38. 
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Fig.  70.  Two-dimenaional  contour  map  of  the  flux  density'‘Vt  27.  6 
MHk  at  Florida  for  the  1962.  7 apparition. 


'•'For  definition  of  "flux  dcnaity"  as  employed  here,  see 
discussion  on  page  38. 
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Fig.  71.  Two-dimensional  contour  map  of  the  flux  density‘'at  27,  6 
MHz  at  Florida  for  the  1963.  8 apparition. 


••'For  definition  of  "flux  density"  as  employed  here,  see 
discussion  on  page  38. 
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Fig.  72.  Two-dimensional  confcour  map  of  the  flux  densit-'/'at  27.  6 
MHz  at  Florida  for  the  1964.  8 apparition. 


'i'For  definition  of  "flux  density"  as  employed  here,  see 
discussion  on  page  38. 
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Two-dimensional  contour  map  of  the  flux  density‘'at  27.  6 
MHz  at  Florida  for  the  1965.  9 apparition. 


*For  definition  of  "flux  density"  as  employed  here,  see 
discussion  on  page  38. 
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Fig.  74.  Tw'o-dimensional  contour  map  of  the  flux  density'‘'at  27.  6 
MH^,  at  Florida  for  the  1968.  0 apparition. 


'■=For  definition  of  "flux  density"  as  employed  here,  see 
discussion  on  page  3 8. 
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Fig.  75.  Two-dlinensional  contour  map  of  the  flux  donsity'at  Z7.  6 MH 
at  Florida  for  the  1969.0  apparition. 


'!'For  definition  of  "flux  density"  as  employed  here^  see 
discussion  on  page  38. 
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Fig.  76.  Two-dimensional  contom-  map  of  the  flux  density'‘'at  27.  6 
MHz  at  Maipu  for  the  1962.  5 apparition. 


'•'For  definition  of  "flux  density"  as  employed  here,  see 
discussion  on  page  38. 
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Fig.  77.  Two-dimensional  contour  map  of  the  flux  density  at  Z7.  6 
MHz  at  Maipu  for  the  1963.  7 apparition. 


*For  definition  of  "flux  density"  as  employed  here;  see 
discussion  on  page  38. 
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CHAPTER  IV 


INDIRECT  INFLUENCE  OF  EUROPA  AND  GANYMEDE 
ON  THE  JOVIAN  RADIATION 

The  previous  work  of  Lebo,  Register,  and  others  indicates 
that  Europa  and  Ganymede  have  no  marked  direct  effect,  similar  to 
that  found  for  lo,  on  the  Jovian  decametric  radiation.  This  does  not 
rule  out  the  possibility  of  simultaneous  positions  of  pairs  of  the  satel- 
lites occurring  for  which  the  radiation  is  enhanced. 

Two-dimensional  contour  maps  of  the  flux  density  have  been 
drawn  for  the  position  of  lo  from  superior  geocentric  conjunction 
versus  the  position  of  Europa  from  superiox’  geocentric  conjunction, 
and  for  the  position  of  lo  from  superior  geocentric  conjunction  versus 
the  position  of  Ganymede  from  superior  geocentric  conjunction  (Figs. 
78-81  ). 

t 

Since  the  periods  of  lo,  Europa  and  Ganymede  have  a harmonic 

relationship,  the  simultaneous  positions  of  any  two  are  restricted  over 

several  months  of  time.  If  one  plots  the  simultaneous  positions  of  lo 

and  Europa  for  several  months,  a band  is  traced  out  at  45°  on  the  lo- 

Europa  plane,  indicating  the  simultaneous  positions  permitted  these 

3Z 

two  satellites.  Register  previously  found  that  this  band  of  positions 
slowly  sliifts  with  time  and  recpiires  11  years  for  a complete  cycle. 


Fig.  78.  Two-dimensional  contour  map  of  position  of  lo  from 
superior  geocentric  conjunction  versus  position  of 
Europa  from  superior  geocentric  conjunction  for 
flux.  density'‘%t  a frequency  of  1 8 .MHz  at  Maipu  from 
i960- 1966  and  at  Florida  from  1957-1969. 


'I'For  definition  of  ''flux  density"  as  employed  here, 
see  discussion  on  page  38. 
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POSITION  OF  EUROPA  FROM  SUPERIOR  GEOCENTRIC 

CONJUNCTION 


Fig.  79. 


Two-dimensional  contour  map  of  position  of  to  from 
superior  geocentric  conjunction  versus  position  of 
Europa  from  superior  geocentric  conjunction  for 
flux  density‘'at  a frequency  of  Z2.  2 MHk  at  Maipu 
from  i960- 1969  and  at  Florida  from.  1958-  1969. 


-;<For  definition  of  "flux  density"  as  employed  here, 
see  discussion  on  page  38. 
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Fig.  80, 


Two-dimensional  contour  map  of  position  of  lo  from 
superior  geocentric  coiijunctioii  versus  position  of 
Europa  from  superior  geocentric  conjunction  for 
flux  density '‘at  a frequency  of  27.  6 MHz  at  Maipu 
from  1962- 1964  and  at  Florida  from  I96I-I969. 


*For  definition  of  "flux  density"  as  employed  here, 
see  discussion  on  page  38. 
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Fig.  81. 


Two-diinensional  contour  map  of  position  of  lo 
from  superior  geocentric  conjunction  versus  position 
of  Ganymede  from  superior  geocentric  conjunction 
for  flux  density '’at  a frequency  of  18  MHz  at  Maipu 
from  i960- 1966  and  at  Florida  from  1957-1969. 


=*'For  definition  of  "flux  density"  as  employed  here, 
see  discussion  on  page  38. 
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If  one  draws  the  bands  of  permissible  positions  for  lo  and 
Europa  for  the  1963.  8 and  1964.  8 apparitions,  it  is  obvious  that  nearly 
all  of  the  flux  received  at  18  MHz  from  1957  to  I969  occurs  in  these 
bands.  The  same  behavior  is  observed  at  22,  2 MHz  from  1958  to 
1969  and  at  27.6  MPIz  from  I96I  to  I969. 

At  first  glance,  the  above  behavior  is  rather  puzzling.  Why 
should  the  two  apparitions  for  which  the  bands  were  drawn  contain 
such  a large  percentage  of  the  received  flux?  The  answer  is  obvious. 
These  apparitions  occur  near  the  maximum  probability  of  emission 
for  the  decametric  radiation  in  its  61even-year  cycle.  Therefore,  the 
apparent  Europa-related  "peaks"  observed  on  the  two-dimensional 
contour  maps  are  in  fact  most  likely  due  to  an  increased  probability 
of  emission.  However,  it  would  be  necessary  to  observe  a number 
of  periods  of  the  bands  to  determine  if  the  peaks  are  definitely  due  to 
the  increased  probability  of  emission  or  if  they  are  actually  Europa- 
related  sources. 

A two-dimensional  contour  map  of  the  flux  received  at  a 
frequency  of  18  MHz  at  Maipu  from  I96O  to  I966  and  at  Florida  from 
1957  to  19.69  was  drawn  for  the  position  of  lo  from  superior  geocentric 
conjunction  (Fig.  81).  The  lo-related  bands  of  flux  centered  near  Io=90° 
and  240  from  superior  geocentric  conjunction  are  obvious.  However, 
no  Ganymede-related  sources  are  observed.  Apparently  there  is  no 
significant  effect  due  to  lo  and  Ganymede  being  situated  at  simultaneous 
favorable  positions. 


CHAPTER  V 


FLUX  CORRELATION  STUDIES 


T • 2,32,52 

in  previous  studies,  the  planet-wide  emission  probability 

of  the  decametric  radiation  from  Jupiter  has  been  observed  to  be  peri- 

56 

odic  with  a period  of  approximately  ten  years.  Gallet  first  suggested 

that  the  emission  probability  was  negatively  correlated  with  the  smoothed 

57,  58,  59,  60 

sunspot  number.  Numerous  investigators  have  observed 

this  apparent  negative  correlation.  A second  possibility,  first  men- 
tioned by  Carr,  is  that  the  variation  in  the  emission  probability  is 

due  to  the  change  in  the  Jovicentric  declination  of  the  Earth,  D . Re- 

E 

G 2 

cently,  Balasubrahmanyan  and  Venkatesan  have  found  evidence  of  a 
positive  correlation  between  the  darkness  of  Jupiter's  red  spot  and 
solar  activity.  They  suggest  that  an  appropriate  index  of  solar  activity 
is  the  brightness  of  the  Fe  XIV  5303  A emission  line  of  the  corona.  The 
brightness  of  this  Jine  exhibits  a double  maximum  with  a pronounced 
minimum  in  between  during  an  eleven-year  cycle  which  corresponds  to 
the  sunspot  cycle.  It  seems  possible  that  solar  activity  as  measured 
by  the  brightness  of  the  coronal  line  might  have  a significant  effect 
upon  the  decametric  radiation  received  from  Jupiter.  It  has  proven  to 
be  very  difficult  to  determine  which  of  the  above  possibilities  (if  any) 
are  correct,  since  the  mean  period  of  the  sunspot  cycle  is  eleven  years 
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while  the  period  of  the  Jovicentric  declination  of  the  Earth  is  11. 86 
years . 

In  hope  of  clarifying  the  question  of  whether  the  sunspot  cycle, 
solar  activity  as  indicated  by  the  brightness  of  the  coronal  5303  A 
line,  or  the  Jovicentric  declination  of  the  Earth  is  the  more  important 
parameter,  studies  were  undertaken  of  the  normalized  flux  density 
summed  over  all  longitudes.  Two  normalization  procedures  were 
used.  In  one,  the  summed  flux  density  at  a fixed  frequency  was 
norinalizcd  to  equal  periods  of  listening  time  for  each  apparition. 

This  allows  one  to  compensate  for  Jupiter  having  been  observed 
for  different  lengths  of  time  for  each  apparition.  For.  example,  as- 
sume that  Jupiter  is  observed  for  500  hours  in  one  apparition,  dur- 
ing which  time  a summed  flux  density  S is  recorded.  If  Jupiter  is 
observed  for  1000  hours  in  a second  apparition  in  which  a summed 
flux  density  S'  is  recorded,  the  normalized  summed  flux  density 
for  the  second  apparition  would  be  S'/2.  This  normalization  repre- 
sents the  total  flux  received  for  hypothetical  apparitions  in  which 
Jupiter  is  observed  for  equal  amounts  of  time. 

In  the  second  normalization  procedure,  the  summed  flux 
density  at  a fixed  frequency  was  normalized  to  equal  periods  of 
active  time  for  each  apparition.  Active  time  is  defined  as  that 
amount  of  time  during  which  decametric  radiation  is  received. 

For  example,  assume  that  decametric  radiation  is  received  for  a 
total  time  of  ten  hours  in  one  apparition  and  twenty  hours  in  a 
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second  apparition  with  sumnaed  flux  densities  of  S and  S'  respectively. 
The  normalization  procedure  would  credit  the  second  apparition 
with  a summed  flux  density  of  S'/2.  If  one  calculates  the  summed 
flux  density  for  apparitions  of  equal  active  time,  one  then  has  an 
indication  of  the  average  intensity  of  the  decametric  radiation  re- 
c e i ve  d . 

The  results  of  the  two  normalizations  versus  the  sunspot 
cycle,  the  brightness  of  the  coronal  5303  A line,  and  the  Jovicentric 
declination  are  shown  in  Figs.  82-89  . 

There  is  very  little  correlation,  positive  or  negative,  be- 
tween the  total  flux  and  either  the  sunspot  cycle  or  the  Jovicentric 
declination  of  the  earth  at  the  frequencies  15  MHz,  22.2  MHz,  and 
27.  6 MHz.  It  should  be  noted,  however,  that  the  average  intensity 
appears  to  oscillate  with  a greater  amplitude  (Fig.  84)  and  more 
rapidly  (Fig.  85)  than  the  total  flux. 

When  the  curve  for  the  total  flux  versus  the  sunspot  cycle 
and  Jovicentric  declination  of  the  Earth  is  studied  at  18  MHz,  a 
strong  positive  correlation  is  observed  between  the  total  flux  and 
the  Jovicentric  declination  of  the  Earth,  and  a strong  negative 
correlation  between  the  total  flux  and  the  sunspot  cycle.  It  appears 
from  tlie  18  MHz  data  that  the  sunspot  cycle  correlations  are 
favored  over  the  Jovicentric  declination  correlations. 

When  the  curves  for  the  total  flux  are  compared  to  the  bright- 
ness of  the  coronal  5303  A line,  no  strong  correlations  are  observed. 
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However,  when  the  curves  for  the  average  intensity  are  compared 
to  the  brightness  of  the  coronal  line,  there  appears  to  be  a positive 
correlation  at  all  frequencies  except  18  MHz  (Figs.  86-89).  These 
correlations  suggest  that  although  the  total  flux  received  from 
Jupiter  for  a given  apparition  is  apparently  unaffected  by  solar 
activity,  as  naonitored  by  the  coronal  5303  A line,  the  intensity 
of  the  radiation  is  modulated  by  the  solar  activity. 

In  light  of  the  present  analysis,  it  appears  that  effects  due 
to  the  11 -year  cycle  of  solar  activity,  although  perhaps  not  the 
sunspot  cycle  explicitly,  are  more  important  with  respect  to  the 
total  flux  received  at  decametric  wavelengths  than  is  the  Jovicentric 
declination  of  the  earth.  Hov/ever,  the  arguments  presented  here 
are  not  conclusive  and  a more  detailed  study  of  the  variation  of 
the  summed  flux  density  as  a function  of  other  solar  parameters 


needs  to  be  done. 


CHAPTER  VI 


PULSE  HEIGHT  ANALYSIS 

A pulse  height  analysis  was  performed  on  the  decametric 
pulses  received  from  Jupiter  at  frequencies  of  15  MHz,  18  MHz, 

22.  2 MHz,  and  27,  6 MHz,  with  the  results  shown  in  Figs.  90-93. 

In  most  pulse  height  analyses,  the  number  of  pulses  and  the  energy 
of  the  pulses  are  the  two  parameters  analyzed.  In  the  present 
analysis,  the  number  of  five-minute  intervals  for  which  activity 
was  observed  and  the  flux  density  are  the  parameters  investigated, 
A number  of  similarities  were  noticed  for  all  frequencies 
investigated.  It  was  observed  that  the  pulse  height  spectrum  out 
to  flux  densities  of  approximately  70  x 10  w/m  /cps  could  be 
computer-fitted  to  a curve  of  the  form 

N = A(S+B)‘^  EXP-5(S+B)^  +15  (16) 

where  N is  the  number  of  five-minute  intervals  containing  flux 
density  S.  The  values  of  the  parameters  A,  B,  C,  and  D are  shown 
in  Table  3 for  all  four  frequencies. 

TABLE  3 

Parameter  Values 


F requency 

A 

B 

C 

D 

1 5 MHz 

3333. 9 

4.  01 

2.  6925 

0.  2901 

18  MHz 

3623.  7 

3.46 

2. 6298 

0.  2880 

22.  2 MHz 

3497.  6 

4.  2 5 

2. 6518 

0.  2878 

27.  6 MHz 

1 159.  9 

2.  79 

3. 2226 

0.  3592 
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1 he  parameters  C and  D are  of  particular  interest,  since  they  are 
the  exponents  of  the  flux  density  in  the  leading  multiplying  term  and 
in  the  exponential  term,  respectively.  There  is  very  good  agree- 
ment at  the  frequencies  15  MHz,  18  MHz,  and  22,  2 MHz  for  the 
values  of  C and  D.  There  is  a noticeable  difference  in  these  values 
at  27.  6 MHz,  which  may  be  due  to  much  less  data  being  available 
at  this  frequency. 

Another  very  striking  feature  of  each  of  the  pulse  height 
spectrams  is  the  groups  of  two  or  three  very  sharp  peaks  which 
appear  for  flux  densities  greater  than  70  x lO"^^  w/m^/cps.  There 
appears  to  be  a very  sharp  departure  from  the  behavior  indicated 
by  Eq.  ( ] 6)  at  a precise  value  of  the  flux  density  of  73  x lO'^^ 
w/m  /cps  for  the  frequencies  15  MHz,  18  MHz,  and  22,2  MHz. 

At  27.  6 MHz,  this  departure  occurs  at  74  x 10  w/m  /cps. 

This  sudden  departure  from  the  behavior  described  by  Eq.  (16) 
may  indicate  that  another  class  of  pulses  is  being  received  with  an 
anomalously  high  value  of  the  flux  density.  If  this  assumption  is 
valid,  it  appears  that  the  number  of  these  pulses  also  decreases 
exponentially  as  the  flux  density  increases. 

At  the  present  time,  there  is  some  doubt  as  to  the  validity 
oj.  the  observed  peaks  due  to  the  manner  in  which  the  data  were 
reduced.  The  flux  densities  of  the  pulses  in  the  above  analysis 
were  calculated  by  dividing  the  time  of  Jupiter  activity  into  five- 
minute  inteivals,  calculating  and  averaging  the  flux  density  of  the 
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three  peak  pulses  in  the  interval,  and  calling  this  average  the  flux 
density  for  that  five-minute  interval.  To  establish  if  Figs.  90- 93 
exhibit  the  true  character  of  the  distribution,  a pulse-by-pulse 
calculation  must  be  done.  If  the  general  features  of  the  curves 
are  still  the  same,  it  would  be  of  interest  to  investigate  the  pos- 
sible mechanisms  which  could  be  responsible  either  for  the 

2 2 

resonance-like  behavior  at  flux  densities  greater  than  70  x lO” 
w/m  /cps  or  that  would  generate  another  class  of  pulses  with  a 


much  higher  flux  density. 


CHAPTER  VII. 


SUMMARY 

The  Jovian  decametric  radiation  received  from  1957  to  I969 
at  the  University  of  Florida  and  its  associated  field  station  at  Maipu, 
Chile,  has  been  analyzed  at  frequencies  ranging  from  15  MHz  to  27.  6 
MHz,  A consistent  analysis  of  the  flux  density  was  undertaken  for  ap- 
proximately seventy'-five  yearly  sets  of  data  in  order  that  the  indi- 
vidua.i  and  joint  effects  of  several  geometrical  parameters  could  be 
determined.  The  flux  density  analysis  describes  the  characteristics 
of  the  decametric  radiation  in  terms  of  its  observed  intensity.  Pre- 
vious extensive  analyses  of  this  radiation  have  largely  been  confined 
to  the  emission  probability'',  rather  than  flux  density. 

A two-dimensional  analy'sis  of  the  flux  density  as  a simultaneovis 
function  of  the  longitude  of  the  central  meridian,  System  III  (1957), 
and  the  position  of  lo  from  superior  geocentric  conjunction  was  made. 
The  well-known  lo- related  "sources,”  A,  B,  and  C,  which  were  ob- 
served in  previous  probability'  studies  were  also  recognized  in  the 
present  analysis  of  the  flux  density.  However,  there  were  both  sim- 
ilarities and  differences  observed  in  the  structure  and  amplitude  of 
these  sovirces  when  the  results  of  the  two  analy'ses  were  compared. 
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At  15  MHz,  lo-related  source  B appears  to  be  concentrated 
at  higher  longitude  positions  in  the  flux  density  analysis  than  was  ob- 
served ill  the  probability  studies.  Io--related  sources  C and  D v/ere 
observed  in  both  analyses.  lo-related  source  C appears  as  a relatively 
stronger  source  in  the  probability  studies  than  in  the  flux  density 
analysis,  while  lo-related  source  D appears  to  be  a stronger  source 
wb-en  analyzed  in  terms  of  the  flux  density.  Source  A was  observed  to 
exhibit  very  little  lo  dependence  in  either  analysis. 

At  18  MHz,  lo-related  sources  A,  B,  and  C appear  to  be  of 
comparable  strength  in  the  probability  studies,  while  in  the  flux  den- 
sity analysis  the  intensity  of  the  radiation  received  from  lo-related 
sources  B and  C is  noticeably  stronger  than  that  associated  with  lo- 
related  source  A.  The  intensity  of  the  radiation  received  from  lo- 
related  source  C also  appears  to  be  much  stronger  in  the  longitude 
region  from  0 to  30  than  is  indicated  by  the  probability  analysis . 

The  strength  and  location  of  non-Io- related  source  A as  determined 
from  the  flux  density  analysis  agrees  quite  well  with  that  determined 
from  the  probability  studios. 

At  22.  2 MHz,  the  flux  density  analysis  indicates  that  lo- 
related  source  B is  the  dominant  source,  while  probability  studies 
have  indicated  that  lo-related  sources  A and  B are  of  comparable 
strength.  lo-related  source  B is  more  sharply  defined  in  lo  position 
when  analyzed  in  terms  of  the  emission  probability  rather  than  in 
terms  of  the  flux  density.  In  the  flux  density  analysis,  lo-related 
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sources  A and  C are  of  comparable  strength,  while  the  probability 
analysis  indicates  that  lo-related  source  A is  a great  deal  stronger 
than  lo-related  source  C.  In  the  flux  density  analysis,  lo-related 
source  A is  observed  over  a much  wider  range  of  lo  positions  than 
was  determined  from  the  probability  studies.  lo-related  source  C 
'is  apparent  for  a much  sm,aller  range  of  longitudes  when  analyzed 
in  terms  of  the  flux  density  than  when  it  is  analyzed  in  terms  of  the 
emission  probability.  Both  analyses,  however,  indicate  a decrease 
in  the  radiation  received  from  non-Io- related  source  A at  22.  2 MHz 
relative  to  that  received  at  15  MHz  or  18  MHz. 

At  27.  6 MHz,  lo-related  source  B appears  as  the  only  promi- 
nent source,  with  Jo- related  source  A just  detectable  in  the  flux 
density  analysis.  However,  in  the  probability  analysis,  lo-related 
source  A is  definitely  observed,  although  it  is  not  as  strong  as  lo- 
related  source  B.  In  both  analyses,  Jo-related  source  C has  essential- 
ly disappeared.  The  flux  density  analysis  indicates  a stronger  non- 
lo-related  source  A component  than  the  probability  analysis,  although 
in  both  analyses  the  radiation  from  this  source  has  diminished  con- 
siderably from  that  observed  at  lower  frequencies. 

It  should  be  noted  that  the  flux  density  analysis  indicates  that 
lo-related  source  B is  the  only  consistent  peak  in  the  frequency  range 
from  15  MHz  to  2 A 6 MHz,  and  that  lo  -related  source  C decreases  in 
strength  with  increasing  frequency  until  it  has  essentially  disappeared 
at  27,  6 MHz. 


Inese  characteristics  are  in  good  agreement  with  the 
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previous  probability  studies.  However,  the  bifurcation  of  lo- related 
source  B which  had  previously  been  reported  in  the  probability  studies 
was  not  observed  in  the  flux  density  analysis. 

It  is  of  interest  to  determine  the  dependence  of  the  absolute 
flux  density  upon  the  frequency  in  the  range  from  15  MHz  to  27.  6 MHz, 
In  particular,  let  us  look  at  the  behavior  of  the  flux  density  associated 
with  lo-related  source  B.  If  we  examine  the  values  obtained  for  the 
peaks  representing  this  source  in  Figs.  24-27,  it  is  found  that  the 
flux  reaches  a maximum  value  at  18  MHz,  and  then  falls  off  to  ap- 
proximately 70%  of  this  value  at  15  MHz.  At  22.2  MHz, 

the  flux  density  has  diminished  to  80%  of  the  value  observed 

at  18  MHz.  However,  at  27.  6 MHz,  the  flux  density  has  fallen  to  a 
value  of  only  - 30%  of  that  observed  at  18  MHz. 

A much  more  limited  flux  density  analysis  has  previously  been 
performed  by  G.  R.  Lebo.  lo-related  source  A was  observed  to  be 
much  stronger  at  frequencies  of  22.  2 MHz  and  27.  6 MHz  than  is  in- 
dicated by  the  present  analysis.  lo-related  source  C,  which  was  not 
observed  in  the  present  analysis  at  a frequency  of  27.  6 MHz,  was  ap- 
parent in  the  previous  analysis.  This  earlier  analysis  also  indicated 
that  lo-related  sources  A and  B are  of  comparable  strength  at  fre- 
quencies of  1 5 MHz  and  18  MHz,  while  lo-related  source  C continues 
to  increase  in  intensity  with  decreasing  frequency  until  it  is  the  most 
conspicuous  source  observed  at  15  MHz.  This  is  in  general  agreement 
with  the  present  analysis  except  that  lo-related  sources  B and  C are 
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now  observed  to  be  of  comparable  strength  at  1 5 MFIz  and  18  MHz. 
lo-related  source  A,  while  not  observed  to  be  as  strong  as  lo-related 
sources  B and  C,  is  still  very  apparent  at  both  of  these  frequencies. 

The  tv/o-dimensional  analysis  of  the  flux  density  was  also 
used  in  an  attempt  to  determine  if  there  exist  simultaneous  favorable 
positions  of  lo  and  Europa  and  lo  and  Ganymede  for  which  the  intensity 
of  the  radiation  is  enhanced.  It  appears  that  there  is  no  applicable 
effect  due  either  to  Europa  or  Ganymede. 

A definite  symmetry  about  the  Earth- Jupiter  line  was  observed 
which  appears  to  be  associated  with  these  four  sources.  It  was  noted 
that  if  the  positions  of  lo  and  Jupiter's  north  magnetic  pole  associated 
with  lo-related  source  A are  reflected  through  the  Earth- Jupiter  line, 
they  are  then  located  at  positions  for  which  radiation  associated  with 
lo- related  source  B is  highly  probable.  A similar  relationship  rela- 
tive to  the  Earth- Jupiter  line  exists  for  lo-related  sources  C and  D 
where  the  parameters  which  are  reflected  are  the  position  of  lo  and 
the  position  of  Jupiter's  south  magnetic  pole.  This  strongly  suggests 
that  Id's  position  relative  to  the  Earth  is  the  important  factor  with 
regard  to  the  reception  of  the  decametric  radiation  from  Jupiter. 

It  is  obvious  that  lo's  distance  from  either  the  north  or  south 
magnetic  pole  varies  irom  some  minimum  distance  to  a maximum 
distance  as  lo  revolves  about  Jupiter.  If  one  believes  the  general 
radiation  model  proposed  by  Goldreich  and  Lynden-Bell,  the  plas- 
ma trapped  in  the  flux  tube  attached  to  lo  should  be  compressed  aslo 
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approaches  either  of  the  magnetic  poles.  This  compression  would 
change  the  charge  density  and  the  electric  field  associated  with  it  in- 
side the  flux  tube.  One  may  speculate  that  this  compression  may  be 
the  source  of  the  anomalies  in  the  current  flowing  along  the  flux  tube 
which  apparently  is  the  origin  of  the  decametric  bursts.  It  has  been 
observed  in  the  present  work  that  the  voluine  contained  in  the  northern 
half  of  lo's  flux  tube  is  at  or  near  a minimum  when  sources  B and  C 
are  observed.  It  has  also  been  observed  that  the  volumes  of  the 
northern  and  southern  halves  of  the  flux  tube  are  approximately  equal 
when  sources  A and  I)  are  observed, 

A study  was  made  of  the  flux  density  versus  sunspot  number, 
Joviccntric  declination  of  the  earth,  and  brightness  of  the  coronal 

o 

530o  Aline  (which  is  widely  used  as  an  index  of  solar  activity)  in  an 
attempt  to  determine  which  of  these  parameters  appears  to  have  more 
influence  on  the  observed  11-year  cycle  of  the  Jovian  emission  prob- 
ability, A limited  amount  of  positive  correlation  was  observed  between 
the  flux  density  and  the  brightness  of  the  coronal  line,  indicating  that 
solar  activity  may  exert  a more  important  influence  on  the  decametric 
radiation  than  the  Jovicentric  declination.  However,  the  results  pre- 
sented here  are  far  from  conclusive, 

A pulse-height  analysis  of  the  Jupiter  data  was  also  carried 
out.  In  this  pulse  height  analysis,  the  number  of  five-minute  intervals 
in  which  the  average  of  the  three  peak  pulses  equaled  a given  flux 
density  was  plotted  as  a function  of  flux  density.  It  was  found  that  the 
number  decreased  exponentially  as  the  flux  density  increased,  out  to 
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a value  of  73  x 10  w/m  /cps.  At  this  point,  the  number  of  five- 
minute  intervals  in  which  the  flux  density  exceeded  the  previously 
mentioned  value  suddenly  increased.  This  jump  may  be  due  either 
to  some  resonance  phenomenon,  or  it  may  result  from  a different 
class  of  pulses.  The  analysis  is  not  complete  enough  at  the  present 

time  to  determine  which  of  the  above-mentioned  possibilities  is  more 
likely. 
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